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To  inTaatignta  mathoda  for  production  of  aodlum  parohlorata  without  tha 
usa  of  platinum;  to  ineludOf  but  not  nacaatc^llT'  ba  limitad  to,  tha  following 

(1)  Tha  uaa  of  load  dioxide  anodaa. 
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thia  final  reaaaroh  raport,  titled  Saation  A..  eoTera  work  autheriaed  bjr  the 
Office  of  Kaaal  Seaearoh  for  the  deTelopaeat  and  xuie  of  lead  dioxide,  ailiooiiK 
ailioon  oarhide  and  aiaeellaneoua  anode  aateriala  aa  anhatitatea  for  platixma 
in  t^  prodoetion  of  oeditia  perehleoFata.  Soae  initial  work,  done  nade?  Project 
IR  352>263/2>19-51,  vaa  carried  out  in  the  period  from  IjRahmary  throneh  Ao^^&at, 
1951t  thia  inolxided  a literatnre  roTiew  and  praliainary  lahovatoiT'  work.  Attended 
lahormtory  work  waa  earried  oat  eontinaooaly  onder  the  preaent  Projeot 
J®  352-30^/2-1-52  darto*  the  period  of  Ttibraary  1952  thron^Js  Jazmarx,  195^. 

A eo^paniocx  reaaaroh,  also  part  of  ' the  aahjeet  projeot,  on  tha  disproportionation 
of  sadiua  ohlorata  in  aoid  eolation,  has  hean  oorerad  in  a separata  final  report, 
labelled  Seotion  S.  which  waa  iaaoed  Seoeabar,  1953* 
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Maseivo  load  dioxida  alactrodes  were  elsetroformod  In  both 
sh«at  and  rod  forma  from  a lead  nitrate  platln,~  bath.  The  effects 
or  tenperattire,  current  density,  pB  and  additives  on  the  deposi- 
tion of  massive  lead  dioxide  f^om  a lead  nitrate  bath  were  studied 
to  determine  conditions  necessary  to  produce  a hard,  dense  massive 
lead  dioxide  with  a anooth,  regular  sxirface.  Other  baths  for 
plating  massive  lead  dioxide.  Including  alhaline  lead  tartrate  and 
aold  lead  perchlorate,  ware  explored. 
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In  the  lead  nitrate  plating  bath,,  tantalum  and  nickel  were  the  only 
metals  tested  on  ^ioh  good  quality  masaive  lead  dioxide  could  he 
plated.  The  qv  ility  of  lead  dioxide  plated  on  speotro^aphlc  ^ade 
graphite  rod  was  similar  to  th&t  formed  on  a tantalum  base.  A con>- 
tinuous  lead  dioxide  deposit  oould  not  be  formed  on  other  grades  of 
graphite  and  carbon.  Synthetic  magnetite,  silioon  and  Durhy  materiale 
showed  some  promise  as  base  materials;  however,  their  irregular  surfaces 
prewented  the  forsuation  of  smooth,  continuous  massive  lead  dioxide 
deposits. 


Vhen  handling  lead  eompoxxnds  in  formulating  and  operating  lead  dioxide 
plating  baths,  good  housekeeping,  rubber  gloves,  dust  masks  and  sound 
sanitary  habits  are  required  to  avoid  lead  intoxication. 
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Massive  lead  dioxide  anodes  were  tested  in  the  chlorate-perchlorate 
cell  without  failure  or  deterioration  at  3 to  25  anperes,  and  at 
current  densities  of  0.1  to  0.45  aiup./cn.^,  for  periods  corresponding 
to  nearly  60  days  of  oontinuous  operation.  A 100  ampere  cell  with  a 
massive  lead  dioxide  anode  (3-1/2"  x l4-l/2"  x 5/8")  was  operated  for 
24  batch  electrolyses  of  sodlm  chlorate  for  a total  running  time  of 
35.8  days  at  a currant  density  of  0.28  ainp./om.^,  and  a cell  tamperai- 
ture  of  30  to  5^*0 • 


when  used  as  a hue  for  lead  dioxide  anodes,  was  not  eroded 
Is  the  ehiorate-percblorata  nell.  Other  metals  used  as  bases,  such 
as  aick»l.  Monel,  copper  and  iron,  were  rapidly  eroded.  Durhy  #2 
and  spectro^aphic  gyade  graphite  rods,  when  used  as  bases  for  lead 
dioxide  anodes,  were  not  eroded  in  brief  tests  carried  out  in  the 
ohlorat e-perchlorate  cell.  Anodised  lead,  tubing  was  rspilly  eroded 
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in  the  chlorate-perchlorate  cell. 


Val^t  loss 68  of  lead  dioxide  anodaa  in  chlorate^perchlorata  eell 
eerrica  do  not  appaar  to  be  nuoh  greater  than  those  of  platimun 
anodes,  but  are  not  cooparabls  because  the  greater  thickness  and  low 
material  cost  of  lead  dioxide  anodes  make  these  losses  without 
significance. 


Lead  dioxide  anodes  operated  at  an  average  c]prent  efficiency  of 
6858  at  current  densities  of  0.2-0. 3 aap./cs.^  in  the  ssdius  chlorate 
oonoantration  range  of  600  to  100  g./l.  At  0.1  amp./oa.^,  the 
average  current  effiolency  was  535^*  •^^t  0.45  anp./co.^  a hi^er 

current  effiolency  (795?)  was  found  at  48®C.  than  at  15*C.  (5^)» 

In  comparison,  a 10  aspere  platinum  anode  cell  operated  at  a ourrent 
efflolancy  of  695?  at  a current  density  of  0.3  aap./oa.^  and  a oell 
temperature  of  45*C.  in  the  sodium  ohlorate  oonoantration  range  of 
600  to  100  g./l» 
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Ihe  sodium  chlorate  electrolyte  was  prepared  to  a oonoantration  of 
about  500  g«/l«,  using  a reagent  grade  salt.  Current  efficiency 
valties  were  not  appreolably  changed  by  variations  in  electrolyte  pH 
in  the  range  of  about  3 10,  or  temperature  in  the  rstnge  of  about 

5»  to  50«0, 

Addition  of  sodium  fluoride  to  the  sodium  chlorate  electrolyte 
Increased  the  current  efficiency.  However,  on  successive  electrolyses 
with  tho  same  lead  dioxide  anode  and  sodium  fluoride  addition,  the 
current  effiolency  dropped  to  below  its  original  control  value. 

The  addition  of  sodium  dichromate  dihydrate  at  concentrations  of 
0.5  to  5 e»/l>  to  the  sodium  chlorate  electrolyte  lowered  the  oell 
current  effiolency  to  275?  i'ospectlvely. 


After  eleotrolysle  with  a lead  dioxide  anode,  the  chlorate-perohler- 
ate  electrolyte  was  fovai  to  contain  less  than  0 "5  of  lead., 
using  the  dlthizone  extraction  analytical  method. 


The  use  of  the  tantalum  base  as  current  carrier  to  the  load  dioxide 
in  the  chlorate-perchlorate  oell  resulted  in  anode  heating  with  even 
moderate  currents.  The  use  of  metal  pressure  plates  and  clamps  as 
current  oentsusts  against  the  lead  dioxide  proved  inadequate  in  pre- 
venting heating  in  the  contact  area. 


Oorrant  eoateeta  wara  alao  feraad  "hj  aabaddins  nlotel  wira  In  tha 
nirper  part  of  tha  anaalva  laad  diexlda  and  hjr  oaatlng  a low  aaltini; 
point  alloy  with  aahaddad  eondoetixig  wira  about  tha  top  of  tha  laad 
dioxide-  «>l«etroAaa.  A snnhar  of  alaotrodaa  ualn«  thaaa  oontaota 
oparatad  at  3 to  10  anparaa  without  local  haatiji^.  Otbara  failad 
aftar  short  periods  in  tha  ohlerata-parehlorate  oall. 

finally,  tha  aatal  apray  taohniqua  was  ixsad  for  foming  a onrrsnt 
contact  araa  on  laad  dioxide  alaetrodea.  Only  sprayed  silrar,  of  all 
mtala  taatad,  showed  a low  metal  to  load  dioxide  eontaot  rasistanoa. 
Aa  a result  of  this,  a worloabla  currant  contact  was  daralopad 
which  conslatad  of  a spray  coating  of  silTsr  (.001  inch  thick), 
covarod  with  a spray  coating  of  copper,  l/8  inch  thick  or  noro. 
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A.  yfriopj  Work 

Th«  fellowlac  ano&»  Mit*rlal«  war*  feioid  to  b*  satlsflaotorj  in  tba  vork 
don*  in  1951  *nd  I952t 

1.  SKa%K.ltta  earbid*  sontainia^;  17^  plntiacui  br  veii^t. 

2 a Platimni-plated  tantaltui  •haat, 

3.  She  aineral  plattnarlt*«  a nKtnralljr  oocnirring  aaaaiT*  l*ad  dioocid*. 


Of  the  Haboriala  ta«t*d  dvo'injc  1953  ^nd  195^>  ^ plabiittni-palladlta 
alloya  with  high  platlmun  eontaat  *howad  proais*  with  low  srosion  rate*. 
Appraeiabl*  aro*ion  Iobm*  war*  obaarwad  with  plntiac»>mth*alTni  and 
palladii»>rath*nltai  allojB.  Xuy^uiit*  (i'n20^'H20)  Bhowad  tbit  llttl* 
arOBiOn  OUb  wors  ZS  uM*BBIU'/  to  luiuwbaiiu  It*  VatlUBk 


Tha  following  aatarial*  w*r*  nnBatiafhotory  for  raasan*  oatlinad  bslowt 

1.  SaaplBB  ^f  boaring  aatorialB  (carbon.  iapr*goat*d  with  TBrloua  mtalB)^ 
Bilioon  f*rrit*t  iaporrioua  ipratphlt*,  natural  g^phita,  gold  an'l 
BilTsr  war*  fmaui  to  oredB  rapidly* 

2*  A nlekol  forrit*  bool*  Bhowod  no  approoiabl*  aroBlon*  but  oonT*rslon 
of  ohlorat*  to  parohlorat*  waa  wary  low. 

3*  PoliBhad  plate  glaaa  BaaQ>l*B  with  a eondootiT*  fila  on  on*  aid* 
flailad  rapidly* 

A*  Of  thra*  diffaront  aaspIeB  *f  tin  oocid*  bleokB*  on*  ehowad  no  aj^ 
prooiabl*  «ro*ion  with  oparatlon  at  about  50}(  otnrraini  *ffioiB«ey. 

5*  BanpleB  of  oondneting  glaaaae  and  rafraotorioa  aithar  arodad  or 
operated  at  a very  high  oell  voltage. 

6,  Sanqslaa  of  preeaed  and  fired  aixtureB  of  lead  dloxida  and  aag^tite 
ahowed  oon*5.darmbl«  aeohanioal  dlaintefration* 

7.  S*v*ral  thouaard  aineral  epeclaena  vare  aoreoned  and  83  t*at*d  for 
electrical  cendastlrlty.  The  following  more  oondnotlT*  one*  war* 
aelected  for  cell  testingt  aasaiterite  (Sn02),  pailoBelane 
(aMn^KnaOifiCOH^h),  llawnltB  (^*1103),  haoatlte  (1^203),  pgrrolualt* 
(Ilh02},  and  sisotte  (ZnO).  All  fhiled  beoauae  of  zapld  erosion, 
high  contact  reBiatanoe  or  polarisation. 

8*  A good  plate  of  aanganeaa  dioxid*  was  not  obtained  IToa  either  a 

mn^oiaae  sulfate  or  aauganaae  nitrate  plating  bath*  She  eondustiTity 
of  tba  anng^MPB#  diortids  wa#  poor  a*  eoxvared  to  !l*ad  dienlda* 

III*  Qerbjd* 

A.  giMBber  of  Materlali  tfeited 

A total  of  3^2  aaaples  rapreaentlng  1^  diltarent  kind*  of  ellioon-allieon 
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OK  bidla  ooapoaition*  wore  received  from  Che  CarhoniE-duia  Coopaxiy 
(suhc entree tor  on  thla  projeot),  and  have  been  tested  as  anode  material 
in  the  ehlorate>perehlorate  cell. 

s.  f«&maxia9 

1.  Vone  of  these  Carborundum  cotopositions  proved  satisfaustory:  most 

of  the  anode  saa^les  shoved  the  spalling  or  polarization  oharaeterlstic 
found  before,  and  a few  saopla"  erhlbited  rapid  erosion,  as  reported 
in  Projeot  IB  352-304/2-1-52. 

2.  The  extruded  Durl^  #2*  compos  it  ion  quenched  in  molten  lead  and  the 
90?S  silicon-lOjS  silicon  carbide  composition,  previously  reported  as 
proaising  (Project  HR  352-304/2-1-52),  were  investigated  farther 
and  were  found  unsatisfactory  after  a f..  i hours  of  aeration. 

3.  Certain  oalelned  materials  impregnated  with  silicon,  including 
tempered  Masonite**  board,  Eomasota**  and  Coapreg**,  were  found 
tr  operate  at  a low  voltage  aoid  to  make  perchlorate  at  a fair 
current  efficiency.  However,  after  a few  hours  of  operation,  these 
epeeinens  slowly  polar izod. 

Various  other  oalelned  Masonits  swterial»  impregnated  with  slllc.'.^ 
operated  at  fhlr  ourrjot  efficiancies  for  short  periods  of  tine, 
brut  tipon  extended  operation  current  efficJenclOB  dropped  to  a low 
value.  Some  erosion  was  found  with  these  materials. 
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A aantive,  sleetroformed  lead  dioxide  electrode  has  'been  developed  and 
dsnonetrated  on  a laboratory  scale  to  be  a practioal  eubetitute  for  the  plati- 
nt>a  atnods  in  the  eleotrolytis  oxidation  of  eodiun  chlorate  to  perchlorate. 

Tantaltun  it  the  meet  eatiefaotory  of  the  many  'bate  materials  tested  for  lead 
dioxide  plating.  Other  natorials,  lees  expensive  than  tantalum,  show  promise. 
These  include  niokal  and  some  of  the  non-eroding  silicon- silicon  carbide 
eoBQ)Ositions. 

Massive  lead  dioxide  generates  perchlorate  at  a good  current  sffioienoy  and 
with  very  little  erosion.  It  has  excellent  electrical  conductivity,  and  with 
the  spr«gred  sliver  terminals  which  were  devised,  practioal  current  contacts  are 
obtained.  The  material,  as  developed  in  this  research,  has  excellent  mechanical 
strength  and  oan  be  shaped  by  precioion  grinding. 

The  lead  dioxide  anode  is  believed  ready  for  pilot  plant  testing  in  commeroial 
site  chlorate-perchlorate  cells. 

To  perfect  the  anode  for  optimum  serviceability,  additional  laboratory  devolop- 
mtt^t  work  is  ueoessary  on  anode  base  materials,  lead  dioxide  conditioning  and 
chlorate-perchlorate  cell  additives.  This  work  oa’  be  run  concurrently  with 
pilot  plant  testing  of  the  present  anode. 

Some  platirmn  alloys  p’*oduoe  perchlorates  effectively,  making  further  study  of 
thaee  as  substitutes  for  pure  platinum  desirable. 

All  silicon-si} iecn  carbide  compositions  tested  to  date  are  unsatisfactory  as 
anode  materials  in  the  ehlorate-per chlorate  cell. 


s 
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1.  Pilot  plant  taatinc  of  the  maaira  load  dlozida  anode  in  ooansroial  aised 
oellt  ahoold  be  initiated,  to  run  oonenrrently  with  additional  laberatory 
drrelopaant  work. 


2.  The  teatini;  of  aiaoellaneotta  anode  aatoriala  aubwitted  for  oraluation  chould 
be  oontinued.  Theae  tests  should  inelude  tin  oxide,  aan^canese  oxides,  and 
osrtain  platinun  alloys. 

3,  The  testing  of  silieon-silioon  carbide  eonpoaitions  as  anode  materials  should 
be  disaontinusd. 


In  1951  dioxid*  plating;  itg«  att«apt«d  firmn  tb«  follovin^;  I 

'ba^hai  l«ad  nltrata,  Xaad  nXti'ata  and  almdsttoi  nltrat«t  land 
aeatate,  and  altaallna  land  iartrata.  71b  ■atlafaotoiT’  adharaat 
dapaalt  of  laaid  dfoxlda  could  ba  aada  on  staal  firom  a laad  ni-  | 

trata  Itath,  Sararal  batha  baaad  a laad  aeatata  prirrad  xuuatia-  | 

factory  for  plating  on  atoal,  Meaal,  niokal  cr  tantalUB  abaat*  I 

Addition  of  calatlna  to  tha  platlns  batht  did  not  aaan  baiwflolal 
at  tha  low  onrrant  dansltlaa  uaad..  An  adkallna  7aad  tartrata 
plating  bath  waa  davalppad  to  giro  adharaat  dapoelta  of  load 
I dlozlda  on  tha  ahora  hasa  aatala.  A.  faw  soraanlng  taats  of  laad 

dloxlda  plated  olaotrodaa  wara  oarrlad  out  in  a aoall  haakar 
I ohlorata-parohlerata  oall  without  oonoltialva  raaulta. 

I V 

In  1952  anadaa  of  alaetrodapoaltad  laad  dloxlda 

I on  baaa  aatarlalo*  auoh  as  Monal,  nlokal  and  staal,  whloh  ara  thaaa* 

I aalTos  aaslly  arodad  In  tha  ohlorat»>perohlorato  oall,  did  not  aaan 

fO‘aotl>jal,  slnoa  tha  hasa  aatarlal  Ml  rapidly  dlslata^ratad  as 
soon  as  tha  eoatlaQity  of  tha  laad  dloxlda  Ml  hroksn,  sTan  at  a 
I » pinpoint*  Brlaf  attaspto  to  prapara  a ptira  alaetrod^osltad  laad 

dloxlda  anoda  by  daposlting  a haary  coat  of  laad  dloxlda  on  eoppar 
I and  staal  and  than  dissolving  away  tha  bass  aatal  with  nltrlo 

I i and  hydroohlorlo  aeldu  raspoetlvaiy  wara  tnMnooasaful  daa  ta 

I ^ slMoltanaoua  attaok  on  tha  laad  dloxlda. 


Sararal  batha  wars  davalopsd  for  plating  laad  dlaxida  on  a ta&- 
talaa  baaa*  Tsatalr^  pascas  currant  anodleally  dnrlng  laad 
dioxida  plating*  HowaMr,  it  imadiataly  polarisas  anodleally 
in  aoat  cthar  alaetrolytes,  including  that  of  tha  ohlorata-par-  j 
chlorata  call*  Siarafsra,  it  aeta  as  an  laart,  im-aroding  alao- 
troda  baas  in  tha  ehlcrata^perohlorata  call*  Sha  baths  froa  whloh 
tha  hi^st  quality  laad  dloxlda  dappsits  on  tantalum  oould  ba 
obtalnad  wara  an  airline  load  tartrate  (#7*<)  t load  nltrata 
(#ZJI-2}  and  laad  parohlarata  (#!LF«l)*  Oomposltlaas  of  tbasa 
Wttts  «ra  givan  in  Zahla  X»*  lha  life  of  laad  diCKida  platad 
tantalum  anodas  In  tha  ehlorata-parchlarato  call  variad  widaly 
and  erratioally*  In  most  osisas,  tha  anodas  fhllad  duo  to  tha  j 

l«id  dlOKido  falling  loose  mthar  than  smoothly  aroding* 
maxima^  chloirata-parohlorata  call  Ufa  of  thasa  laad  diooclda  | 

eoatlngs,  which  varlad  in  thloknaas  firora  0.002  to  0*008  inohas,  1 
was  sl^t  days*  | 

Load  dloxlda  was  readily  platad  an  Dorhy  #2  baaa  (sbe  Sactlon  0« 

1)  and  on  a eynthatlc  aagnatita  baaa*  A pralininary  tasting 
of  thasa  platad  anodas  in  tha  dhlorata-parohloirata  call  0vra  auf- 
fioiant  pronlta  to  warxnnt  farther  studv*  Dapoaltlon  of  laaui 
dioKidb  on  Darby  #1  baaa  (Saotlon  0«l)  oould  net  bo  satiefaotorily 
aoeompllshcd.  ' 


1 aaooth,  adharant  slactrsdepoalt  of  laad  dloxido  on  oasi  allloon 
was  easily  obtained,  snd  the  eleotrode  epormted  smoothly  in  the 


irouti  Beoauss  of  the  sany  tables  of  data  resulting  from  this  inrastl^tlon,  all 
the  tables  bavr.  been  assaablad  at  the  a&d  of  this  report  so  that  tha  continuity  of 


tha  taoct  la  not  unduly  dilaruptad* 

f;ONF!Di-NTlAI.  .5. 
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chlorat»-perciaorata  cell  vtntil  the  silicon  shattered  as  the  coiv- 
tlmilty  of  the  thin  lead  dioxide  deposit  was  broken. 


Plattnerite,  a rare,  naturally  occurring  nasaire  locUL  dioxide, 
operated  smoothly  as  anode  in  the  chlorate'.perohlarate  cell  at  a 
low  voltage  without  shattering  and  with  very  little  erosion. 


2.  Work  Done  in  19^-^  and  19S» 


Continued  plating  and  testing  of  relatively  thin  lead  dioxide 
coatings  (about  0.01  inch  maximum  thickness),  on  tantalum  pro- 
duced the  same  erratic  results  as  noted  in  1952.  One  electr  de 
ran  for  12.2  days  in  the  chlorate-perchlorate  cell  at  a ctcrrent 
density  of  0.1  amp./cm.^,  with  an  efficiency  of  ^+8.9  pe*cont. 

A number  of  other  electrodes  plated  in  the  same  manner  operated 
for  as  ehort  a time  as  a few  hours  before  failura  by  tantalm 
polarisation  and  a breaking  apart  of  the  lead  dioxide  ooating. 

a.  flfttiag  KftiiiTB  lead  DigxiAB 

In  view  of  the  promising  results  obtained  in  a preliminary 
test  of  a naturally  oocurring  massive  lead  dioxide  as  anode 
in  the  chlorate-perchlorate  oell,  effort  was  oonoentrated  on 
electroplating  lead  dioxide  in  massive  forms  on  various  base 
metals.  Table  II  shows  in  detail  the  plating  conditions  for 
these  massive  electrodes  including  types  of  base  materials 
and  thicknosseu  and  weights  of  deposits.  ?irst  efforts  were 
directed  toward  plating  the  lead  dioxide  on  only  one  side  of 
a flat  base  metal  by  blanking  off  the  edge*  and  back  with 
inert  material  sxich  as  Plexiglas.  It  was  hoped  to  strip  away 
the  base  metal  backing  to  produce  a pure  massive  lead  dioxide 
anode.  After  plating  electrodes  191A  to  D (Table  XZ),the  de- 
position of  loEui  dioxide  on  only  one  side  of  a base  metal  was 
abandoned  due  to  the  brittleness  of  the  lead  dioxide  and  the 
failure  of  the  blanking  Jig;  the  lead  dioxide  grew  in  largo 
nodules  along  the  base  metal  edge  auround  the  sides  of  the  Jig 
and  also  through  sealed  Jig  Joints. 

Heavy  electr odoposlts  of  lead  dioxide  were  readily  made  on  tan- 
talTim  rod  without  euiy  nodular  growth  or  treeing  in  the  LK-2 
bath  at  current  densities  of  15-30  amps. /ft.*"  and  a tan^jora- 
ture  of  70^0.  Massive  lead  dioxide  deposits  were  also  made 
on  flat  rectangular  sections  of  Monel  soreentnlokel  soreen  and 
tantalum  sheet,  gause  and  screen.  In  these  oases, there  was  scum 
nodular  growth  at  the  edges  which  could  be  out  away  on  a 
cLiaaond— edged  circular  saw  or  ground  down  on  an  abrasive 
wheel.  It  was  later  found  that  praotioally  all  of  the  nodular 
growth  and  treeing  of  lead  dioxide  on  flat  electrodes  oould  be 
eliminated  by  the  use  of  suitable  baffles  surrounding  the 
anod.o,  espeoially  along  the  side  and  bottom  edges.  These 
baffles  were  constructed  of  clear  Plexiglae  to  permit  observa- 
tion of  anode  growth  during  the  lead  dioxide  deposition. 
Plexiglas  was  found  to  be  unaffected  by  immersion  in  the  hot 
lead  nitrate  plating  bath. 
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The  largest  lead  dioxide  electrodes  formed  to  date  were  on 
tantalum  screen  (l4  mesh,  0,02$"  wire),  tantalum  sheet 
(.003*  thick),  and  nickel  screen  (16  mash,  .012"  wire). 
These  maasiTe  lead  dioxide  electrodes  measured  I5-I/2" 
long  h)  3-I/2”  wide,  and  about  3/^”  thick,  exac^les  of 
which  are  electrodes  numbered  219,236  and  238  In  Table  ZZ. 


Xlectrode  #238  with  a nickel  screen  base  whose  cost  is  less 
than  1^  that  of  tantalum  screen  la  llluatrated  in  ?igures 
1 and  2.  Plating  of  similar  masslTe  lead  dioxide  electrodes 
on  steel  screen  base  were  planned  but  not  eonQ>leted  in  this 
period.  Xs  preyiousl/  noted,  base  materials,  such  as  nlclosl 
and  steel,  are  rapidlly  eroded  when  the  lead  dioxide  eleo- 
trode  Ic  operated  anoiloalljr  ii^  the  chlorate-perchlorate 
cell.  It  is  thought  that  this  disadTantage  oan  be  ower- 
coms  bjr  either  preconditioning  the  lead  dioxide  eleetroljr- 
tioally  in  sodium  chlorate  eleotrolTte  until  all  the  base 
metal  is  leached  out,  or  bjr  remoTing  the  eroded  metal  base 
from  the  electrolyte  during  normal  operation  as  an  insoluble 
hydroxide  residue  at  an  alkaline  pH. 
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The  \ua  of  thin  tantalum  sheet  resulted  in  a reduction  of 
starting  sheet  cost  to  15^  that  of  the  tantailua  soreen. 
Howerer,  the  lead  dioxide  electroformed  on  sheet  was  weaker 
than  that  formed  on  soreen,  which  permitted  binding  of  the 
lead  dioxide  through  the  closely  spaced  open  soreen  areas. 
Puziehing  of  the  sheet  with  small  closely  spaced  holes  was 
not  satisfactory,  since  the  lead  dioslde  formed  in  haaty 
nodnles  at  the  sharp  edges  of  the  holes.  Before  attempting 
plating  of  lead  dioxide  on  thin,  rolled  tantalum  sheet,  it 
was  necessary  to  remoTO  the  inTlsible  film  of  oxide  present 
by  Tigorouo  aurasion  with  fine  emery  and  crocus  cloths; 
otherwise.,  the  sheet  tantalum  would  polarise  in  the  plating 
bath.  1 similar  pol'^'isatlon  was  encountered  on  attempting 
to  plate  lead  dioxide  on  I6  gauge  tantalum  wire. 

Vhen  plating  lead  dioxide  on  base  materials  whioh  were  not 
rigid,  such  as  fine  mesh  screening  or  thin  nstal  sheet,  it 
was  necessary  to  draw  such  base  materials  taut  within  the 
plastic  shield  tised  to  baffle  tlie  edges.  This  was  done  by 
attaching  stro::g  threads  from  the  bottom  of  the  plating 
base  to  the  bottom  of  the  plastic  shield.  This  prewented 
flexing  or  bending  of  the  metal  base  during  the  early  stages 
of  the  lesid  dioxide  plating  before  the  lead  dioxide  had 
grown  heawy  enough  to  resist  such  bending.  Vinyon  thread 
wae  found  to  be  strong  and  inert  to  the  plating  solution. 

IfoaA  BiLgxiae  cn  HUtal  Wixo 
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Sods  of  load  dioxide  up  to  I-I/8  inches  in  diameter  and  13 
inches  long  ware  oonreniently  electrodeposited  on  nlekel 
wire  of  number  I6  to  22  gauge  in  the  lead  nitrate  bath. 

The  wires,  suspended  Terrtloally  in  the  plating  bath,  were 
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yiGURS  ^ - Electrode  No.  ?'l8.  Lead  Diori  lo  Elec  tro  for -m  I 
on  Nickel  Screen  - Ed(’c  View 
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■alntalu*!  taat  ly  himglng  a mroory  vaij^ted  ^L*»m  Imll* 
from  a loop  on  tha  lovar  and.  Iha  loop  on  the  vlra  was 
oowarad  with  a stofp^aff  laoqpor.  On  raatoral  froa  tha  plat- 
ing hath  and  after  cutting  off  tha  lower  ana-half  iixeh  of 
tha  lead  dioxlda  rod.  tha  niekal  wira  eora  could  ha  ra- 
ttorad  hy  a oodarata  pull  with  pliws  on  tha  iqppar  and.  Sxaaa 
load  dioxlda  rods  ware  usad  in  excpvnt  oontaot  studias  to 
ha  daserihad  in  a latar  paragregsh,  and  thay  ara  also  naeas- 
nary  in  tha  ■aasuremant  of  tha  tmparatara  ooaffieisnt  of 
theraal  expansion  for  whioh  arrasgaaants  wore  plannad.  A 
load  dioxlda  rod  of  this  tTpa  is  illustrated  in  Tigura  3* 

Lead  Dioxide  Plated  on  Hon41atalliQ  Base  Materials 

Lead  dioxlda  was  plated  from  tha  load  nitrate  hath  on 
soTeral  sauries  of  unteiqparad  Masonita,  ealoined  and 
loprognatad  with  silicon,  whioh  war  a roeoirad  ftom  Carhor- 
undus  Soatpansr.  In  sill  easot.  thoro  was  eonsidarable  gas- 
sing at  the  anoda  rasttlting  in  tha  fomtion  of  a lead 
dioxide  deposit  haring  nanT’  gas  holes  and  rartioal  orarloas. 
Tha  hasa  also  showed  erosion  ftom  plating  hath  action. 

Sareral  samples  of  graphite  and  oarhon  ware  raoaived  fl*om 
Xational  Carbon  Co^panjr  for  tasting  as  hasa  aatarial  for 
slaotrodepositad  lead  dioxlda  froa  a lead  nitrate  plating 
hath.  On  AfflC  graphite,  tha  lead  dioxide  deposit  was  dis- 
oontlxnxons  and  foonaad  in  elosaly  spaced  Madias  or  spikes. 
There  was  eonsidarable  anodic  gassing  during  plating.  He 
lead  dioxide  was  anodloally  daposltad  on  OK-3  oarhon  whioh 
was  sariously  eroded  in  tha  plating  hath.  A yellow  slims 
whioh  appeared  to  ha  lead  aonexida  W9S  formed  on  tha  osirhon. 
Beater.  Tostoria  molded  graphite  gara  results  similar  ta 
that  ohtsdnad  with  ASI  grajAite.  In  addition,  a risooua 
syrup  was  leaohad  from  tha  graphite.  Tha  quality  of  tha 
lead  dioxide  deposit  on  spaotrographio  gfud»  ipraphito  rod 
was  about  equal  to  that  on  tantalum  rod.  Hewerar.  some 
shallow  erarioes  wars  fonsad  on  tha  lower  end  of  one  rod 
due  to  oonoentrateA.  anodic  gassing  in  this  area.  Sararsl 
Qrada  AITC  National  graphite  rods,  l/4  inch  diameter,  which 
vara  reported  to  be  tha  closest  industrial  eqplTalant  of 
epeotrograi^io  grad^  graphite,  ware  racaiyad  too  lata  to  ha 
tasted  as  a lead  dioxide  plating  hasa. 


Lead  dioxide  was  also  plated  from  tha  lead  nitrate  hath  on 
No.  10-8  Darby  #2  extruded  stock.  7/l^  inch  in  disLmatar. 

A hxr/L  lead  dioxide  deposit  was  formed  to  a total  diameter 
of  3/h  inch  as  iUustratsd  in  Tigura  h.  This  lead  dioxide 
surfhee  was  cross  marked  with  olosaly  spaced  fissfures  due 
to  similar  surfhoe  grooras  in  tha  Durhy  starting  rod. 


LfiftA  Platlfia  aa  SUtmt. 


Upon  atteapting  lead  dioxids  plating  on  a silTsr  wire  hasa 
from  a lead  nitrate  hath,  the  sllyar  was  atobad  and  eroded, 
and  no  laaui  dioxide  was  daposltad. 
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_ iiMid  Sloxld*  Bod  7oTB«d  on  Niekol  Vir« 

(So%«l  Blokil  wlr«  cor*  (#20  MS  wn» 

vilhdroibra  prior  *o  plctur*.) 


vramm  h . Dioxid*  ?lat«d  oa  Derby  #2  Sod 

(Bot«t  tbm  sarront  ooateet  at  tho  t<^  of  tbo  •loetrodo 

ooaolfta  of  qpragntd  eoatla^a  of  •ilTor  nd  eoppor. 
la*  12  oejqpor  vir*  is  spiTally  vooxid  or«r  ths  spraysd 
eepF«r,  aad  mtt  Mldsrsd  to  it.  ths  sntirs  ar«s  it 
fiiMdly  soatsd  with  stojv.«ff  Isoqosr  for  earresion 
rssistaaos.) 
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PlAtia^  B»th.  (Wittlftn.  eo»t»a«ltlfl«  mr^A  XAAiti^a 

jyaritm  tha  pl&tiai;  oMrations  It  was  feund  that  th«  addi- 
tion of  about  0.5  g,/l.  of  copper  nitrate,  Oa  (V0^)2'3^2^( 
to  tha  UU2  bath  was  aufflelaat  to  prersnt  plating  of  lead 
on  tha  9!>aphlte  oathode*.  She  addition  of  0.5  to  O.75  g,/lm 
of  gelatin  to  the  LS-2  bath  had  a pronouneed  effaot  In  re- 
ducing the  gralnlneee  of  tha  load  dioxide.  Howerar,  the 
■aaalTe  deposit  had  a nRieh  lower  fracturing  strength  as 
eo^tarad  to  that  plated  froa  a galatlxwAraa  bath.  Reds  of 
lead  dioxide  plated  on  nlelcal  wire  fToa  a ralatia-eontainlM 
lead  nitrate  bath  when  broken  open  roTealed  aany  fine  oiraoka 
radiating  froa  the  eenter  to  aLscet  the  outside  circuit 
ferenoe  of  l/2  inch  ulaaster  pieoes.  Also,  under  oertaia 
eondltlons  when  plating  lead  dioxide  froa  such  a bath, 
anodlo  gassing  occurred  whloh  eanced  the  foraatina  of 
saall  poeksts,  ltng>s,  and  general  Irregularity  in  the 
lead  dioxide  surface.  Beoause  of  the  erratlo  results 
obtained  by  the  -dditlon  of  the  natural  product,  gelatin, 
to  tha  plating  bath,  a brief  study  mui  aadrt  of  sjrcthstle 
surfhoe-aetlre  agents.  A large  nuaber  were  elisdnated 
froa  esporlaental  oonsidcraticn  uaaaruoa  of  their  known 
Instability  In  eleotrolytes  amd  acid  solution,  .and  Insolu* 
blllty  at  elewated  tosperatures.  RepresentatlTS  exasqples 
of  cationic,  anlonlo  and  non^ ionic  surfhoe-aetlwe  agents 
were  then  tested  for  stability  in  the  lead  nitrate  plating 
bath  tQ>  to  and  for  effsetlTsness  In  producing  a 

fine-grained  lead  dioxide  depot  it  with  wtxjiBim  otrangth 
and  denaity.  Igapal  00-380,  a non-ionic  agent  aaaufhotured 
by  Antara  Ohaaioal  Slrlalon  of  Oeneoral  Dyeatoff  Oorperatlon 
waa  Considered  the  most  effectlTS,  and  incorpcrated  Into 
tha  lead  nitrate  liath  at  0,75  onias  per  liter.  The  oasr^ 
oentratlon  of  copper  nitrate  trlhydrate  addition  was  also 
standardised  at  0*75  grass  per  liter.  Detailed  results 
of  the  surface  aotiire  agent  tests  are  giwen  In  Sahle  XU. 


XKtanded  sxperlonos  has  oonflrssd  the  ehserration  that 
the  efficiency  of  lead  dioxide  plating  fkoa  the  eeweral 
plating  baths  used  is  practically  100  percent  with  a fkeshly 
prepared  or  replenished  bath.  Litharge,  ?b0,  was  used  te 
replenish  the  lead  in  the  lead  nitrate  bath.  Reagent 
prade  lead  oxide,  TbO  was  used  In  preparing  and  replenishing 
ssall  plating  baths  of  xqp  te  three  liters,  and  technical 
ipude  laad  oxide  was  used  for  Isrger  30  liter  platlag 
baths,  with  no  netleeable  difference  in  the  quality  ef 
the  electrodepesited  lead  diexids.  Sons  nitric  acid  was 
als-  lest  fkos  the  l.ead  nitrate  bath  during  plating,  and 
was  added  lAma.  the  bath  was  replsnisheu.  with  litharge,  te 
aaintain  the  desired  pE.  It  has  Veen,  found  desirable  to 
adjust  ths  Initial  pH  ef  the  lead  ixitz-<«.te  hath  to  about 
2.8,  and  operate  In  the  pH  rangs  of  0,8  to  2.3  during  lead 
dioxide  depoeltlott.  In  ths  pH  range  abore  3>5(  there  was 
the  lltollheed  of.  the  feraatien  of  an  electric^  ineulatlsg 
filM  er  glass  of  iewer  lend  oxides  on  the  eathodee,  and  at 
■pE  walues  below  0.8,  acid  fusing  fkoa  the  plating  bath 
beceees  exoessire  at  70*0. 
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Snail  plating  l^atha  of  up  to  three  liters  oapacitjr  were 
replenished  hatehForise  at  the  conclusion  of  each  lead 
dioxide  eleccrode  plating,  laths  of  30  liter  capacity, 
ujed  for  plating  lao^ger  lead  dioxide  electrodes,  were  ooiv- 
tlnuoualy  replenished  with  lead  oxide.  The  plating  soliv- 
tlon  was  pujiQjed  throu^  another  resael  heated  to  the  plating 
hath  ter^jerattiro,  and  containing  a filter  hed  of  glass 
wool  and  glass  heads  of  3 to  5 diameter,  and  the  lead 
oxide  was  dispersed  in  this  solution  ahore  the  filter  hed. 

The  depleted  plating  solution  entered  the  replenishing  tssssI 
at  the  top  hy  a siphon  arrangemont , gradually  dlssolTod  the 
lead  oxide,  passed  through  the  filter  hed,  ai.  . was  pua^jod 
out  of  the  bottom  to  the  plating  vessel.  Ultrio  acid  , whan, 
necessary,  was  also  added  to  the  replenishing  hath  to  avoid 
sudden  pH  changes  in  the  plating  hath.  The  replenishing  system 
could  bo  operated  continuously  or  only  at  intei rals  when  the 
depletion  rate  was  slow.  The  load  nitrate  ponctntratlon  of 
the  plating  baths  was  determined  in  two  ways,  first,  by  a 
continuous  material  balanos  on  lead  oxide  eidded  and  lead 
dioxide  removed,  and  second,  hy  a determination  of  solids 
content  at  intervals.  A 10  ml.  sample  was  evaporated  to  dry- 
ness at  110**C.  and  weired,  neglecting  the  presence  of  the 
small  amount  of  addition  agents. 

The  lead  tartrate  and  lead  perchlorate  plating  haths  have  a 
BT.’ch  lover  lead  concentration  than  the  lead  nitrate  hath. 
Therefore,  they  were  reformulated  to  a higher  concentration 
(Table  I),  and  their  efficiency  in  lead  dioxide  plating 
studied.  At  ?0"C. , the  oonoentrated  lead  tartrate  bath  gave 
lustrous  adherent  deposits  at  anode  current  dansities  up  to 
10  aap./ft,^.  Tor  the  oonoentrated  lead  pemhlorate  bath, 
an  anode  current  density  of  20  nmp»/ft.^  and  an  initial  pH 
of  1.5-2  at  70*C.  were  found  desirable  for  a smooth,  adherent 
lead  dioxide  d^osit.  Ilheoe  baths  were  found  to  be  sensitive 
to  pH  changes,  and  susoeptiblo  to  precipitation  of  solids  during 
plating. 

The  most  satisfactory  method  found  for  precleaning  of  anode 
base  materials  prior  to  lead  dioxide  plating  was  to  remove 
surface  dirt  and  grease,  etc,  with  petroleum  ether,  followed 
in  some  oases  with  a stesun  cleaning  and  drying.  Cathodes 
of  graphite  or  carhon  were  used  in  the  plating  hath,  and  it 
was  found  that  anodic  treeing  could  ho  minimized  hy  keeping 
the  lower  end  of  the  cathodes  at  or  above  the  lower  end  of 
the  anode.  A stojv-off  lacq.uer  was  applied  to  those  portloHs 
of  the  anode  base  materials  which  it  was  desired  to  keep  free 
of  lead  dioxide  deposit.  This  was  'Wiocro  Stox>-Off  Lacquer, 
HR-302"  manufactured  hy  Michigan  Chrome  and  Chemical  Company. 
When  plating  on  a flat  base,  at  constant  current,  the  area 
and  thus  tlie  current  density  did  not  change  appreciably. 

However,  when  plating  on  rod  or  wire,  it  was  necessary  to 
increase  the  current  in  finite  steps  to  maintain  approxl^ 
nately  constant  current  density. 
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X-ra7  diffraction  and  apeotrographle  anal7sea  ware  made  of 
portions  of  sereral  of  the  mastlTe  lead  dioxide  dspoelts,  and 
the  resulta  are  detailed  in  Table  lY.  In  all  eases,  the 
deposit  was  Identified  as  FbOo,  with  lead  as  the  only  major 
speotro^aphie  constituent.  minor  constituents  were  not 

especially  slgnlfieant,  hut  it  was  noted  that  nickel  appeared 
when  the  deposit  was  made  on  Monel  screen  or  on  tantsdum  rod 
with  a nickel  wire  coiled  about  the  upper  end.  Also,  copper 
appeared  when  tho  plating  bath  contained  0.5  £./l.  or  more 
of  copper  nitrate. 


A number  of  chan^^es  were  made  in  the  procedure  for  testing 
the  aboTe  masslTe  lead  dioxide  anodes  in  th<i  ohlorate-x>er- 
ehlorate  cell  as  compeured  to  that  followed  with  thin  electro- 
deposits  of  lead  dioxide  in  1952.  In  some  eases,  the  cells 
were  cooled  by  partial  iiafflersion  directly  Into  a refrigerated 
bath  instead  of  circulating  coolant  throu^  glass  coils,  im- 
mersed in  the  cells.  Oell  currents  were  maintained  constant 
as  before  by  means  of  sleotrenie  controllers.  Olass  was  sub- 
stituted for  stainless  steel  stirring  rods  on  the  motor 
stirrers  because  of  poor  electrical  shielding  from  the  motor. 
Some  of  the  later  testing  was  carried  out  without  any  stirring 
of  the  electrolyte.  Current  efficiencies  were  not  noticeably 
affected  by  this  change.  It  was  found  unnecessary  to  proride 
any  surface  protection  for  the  masslTe  lead  dioxide  anodes 
such  as  a Silicone  grease  coating  or  Tygon  sleeTes  at  the 
liquidr-air  interface,  which  had  been  used  to  prolong  the  cell 
life  Ox  thin  lead  dioxide  eleotrodeposits.  Type  430  stainless 
steel  cathodes  were  found  satisfactory  and  eliminated  the  rust 
discoloration  of  the  electrolyte  resulting  when  ordinary  oarbon 
steel  cathodes  were  used.  A 10  aaQ>ere  cell  with  lesul  dioxide 
anode  is  shown  in  Tigure  5* 


Table  T liete  the  IndiTidual  current  sffieieneiee  obtained 
with  nasslTS  lead  dioxide  anodes  in  the  ohlorate-per chlorate 
oell.  The  electrolysis  was  earried  out  bateb-wlsa  at  3 10 

amperes  in  cells  containing  1.0  to  1.2  liters  of  a 600  to  63O 
g./l.  sodium  chlorate  solution.  Xlectrode  200  was  operated 
at  25  amperes  in  a oell  containing  5 liters  of  soditim  chlorate 
solution.  The  decree  of  conTerslon  of  ohlorate  to  perohlorate 
was  checked  at  6 to  24  hour  interrals  hy  Tolumetrlo  analysis 
of  a small  aliquot  for  oxidising  power  by  the  bromide- lodld»- 
thlosulfate  method.  This  was  frequently  ohecksd  by  analysis 
of  final  oell  eleotrelyte  for  sodium  perchlorate,  and  the  two 
methods  were  found  to  agree  within  * 3 psroent.  In  most  easss, 
the  eleotrolyeis  was  continued  to  reduce  the  ohlorate  content 
below  100  g./l.  The  product  solution  was  then  remowed,  the 
cell  r errlenlshed  with  freeh  sodium  ohlorats  solution,  and  ths 
testing  of  the  lead  dioxide  anode  in  ohlorate-|>erohlorate 
eleotrolyeis  eontisoed. 
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5Tiio  lose  of  vrfttor  by  OTaporatlon  and  aloetro lysis  fro®  «, 
ten  nepero  chlorato-i,aroh.lorata  call  containing  1200  *1, 
of  eleotrolyto  was  about  0,35  nl»  P*r  ait5)aro*-hotir  or  80  nl« 
a day,  ihit  v&»  corrootad  ona  or  aora  times  each  dey-'ljy - 
ad.iiticr.  of  distilled  water  to  bring  the  oall  alaotrolyta 
back  to  tho  orlgintil  lorel.  All  lead  dioxide  alaetrodSs  fro® 
Ihisaber  21*>  on  wore  coated  with  a stop-off  lacqttsr*  orsr  the 
cterrent  ooncact  area  above  tho  eleotrolyto  level  to  prevent 
eloctrol;,’i;e  mist  corroilcn  in  the  ohlorata'^rchlorate  cell, 

■Cgrrent  Sfflgienev.  vith_lieaA.,Dicacide_AiLQdft 

Thace  maosive  lead  dioxide  anodes.wero  operated  at  corrent 
deneities  of  0,1  to  0,^5  aap./oBk  , at  cell  teoperatttres  of 
5^-10<^C,  and  50“^* * both  acid  and  alkaline  chlorate 

electrolyte.  Current  efficiencies  were  ooapared  over  the 
sodium  chlorate  ooneentration  range  of  600  to  100  g*/l* 

Table  71,  giving  a summary  of  the  current  efficiency  data  of 
Table  7,  indioates  that  an  anode  current  density  of  0,1 

is  too  low  (535^  avo,  ororront  eff, ) for  offlolont 
operation  of  the  lead  dioxide  electrode.  At  anode  current 
densities  of  0,2  and  0,3  amp, /cm, the  average  current  effi- 
ciency was  about  68^  and  seemed  unaffected  by  cell  temperature 
in  the  range  of  5®  to  50®C.  At  an  anode  ourrent  density  of 
0,45  aap./om,^,  a higher  current  effiolenoy  (705^)  wm  found 
at  48*0,  than  at  15®0«  (5^)»  These  last  results,  however, 
are  based  on  a small  number  of  tests  and  need  eonfirnation« 

Cell  current  efficiency  with  the  lead  dioxide  anode  dropped 
sharply  as  the  sodium  chlorate  was  oonvorted  to  perohlorate, 
as  shown  in  figures  6 and  ?•  At  sodium  chlorate  oonoentrations 
of  600  to  450  g,/l.,  ourrent  effloienoies  above  90^  have  been 
noted.  The  ourrent  effiolenoy  dropped  below  25^  as  the  sodium 
ohlorate  was  consumed  by  eleotrolysis  to  oonoentrations  below 
100  g./l. 

Vev  lead  dioxide  anodes  were  found  to  operate  at  a soaeidiat 
lover  ourrent  efficiency  than  after  a period  of  aging  of 
one  or  more  batch  electrolyses.  When  desiz’sd,  the  cells 
were  operated  in  the  aoid  range  by  manual  addition  of  0,5 
normal  perchloric  aoid  as  found  necessary.  In  a few  oases 
the  oells  maintained  themselves  in  the  acid  range  without 
perchloric  aoid  addition,  this  being  generally  true  after 

the  anode  had  been  conditioned  by  previous  operation  at - 

low  pH.  normally,  tho  electrolyte  pH  rapidly  rose  to  9-10 
and  maintained  Itself  in  this  range  throughout  the  eleotro- 
lysis. 


Miocro  Stop-Off  liacquer,  HR-302"  - Michigan  Chrome  and  Chemical  Company 
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Sleotrodo  20$  was  fornal  1)7  olectrolepoeltlnf  l»ad  llozllo 
orer  a hollow  tantalvm  tl-t'a'be.  This  anoda  was  operatod 
in  tbs  shlorate-psrehlorats  cell  with  10*C.  cooling  water 
flowing  through  the  core  for  the  first  two  tests.  Current 
efficiencies  were  not  appreciabl7  different  from  those  of 
succeeding  tests  where  only  the  electrolyte  was  cooled. 

There  seemed  to  bo  no  appreciable  effect  of  electrolyte  pH 
in  the  range  of  1 to  1C  on  current  efficiency  in  any  of  the 
series  of  tests  carried  out  in  this  laboratory.  Providence 
College  (l)  has  reported  the  measurement  of  potentials  at 
the  platinum  anode  during  electrolysis  of  cl-dorate  solution. 
Trom  these  restilte,  it  was  speculated  that  at  alkaline  pH 
values  (e.g.  9«?)  both  oxygen  and  perchlorate  are  being  pro- 
duced to  an  appreciable  extent  and  that,  therefore,  the 
current  efficiency  for  the  production  of  perchlorate  decreases 
with  an  increase  in  the  pH  in  the  alkaline  range. 

Current  Efficiency  with  Platinum  Anode 

A 10  aspere  platinum  anode  chlorate-perchlorate  cell  was 
operated  at  an  anode  current  density  of  0.3  amp. /cm. ^ and 
an  sleotrolyte  tsnperature  of  h5‘0.  The  avera^^  current 
efficiency  for  three  runs  in  the  sodium  chlorate  concentration 
range  of  600  to  100  g./l.  was  89^,  as  eooroared  to  an  average 
68^  with  the  lead  dioxide  anode.  In  one  ease,  the  sodium 
chlorate  concentration  was  reduced  to  4 g,/l,  with  the  plati- 
num anode  for  an  overall  current  efficiency  of  80^.  The 
electrolyte  was  allowed  to  maintain  its  pH  at  about  9 during 
these  runs. 

agrpnt  afficlBacY  irlth  Lflad.  'PlgxiAft  Angtoa-ilaiagl 


Two  nasslve  lead  dioxide  electrodes,  formed  by  plating  over 
l/h  inch  diameter  spectrographic  grade  graphite  rod,were 
tested  in  the  chlorate-perchlorate  cell.  One  electrode 
(#220)  failed  during  the  first  test.  The  leal  dioxide  was 
broken  into  long  vertical  splines,  and  the  graphite  base 
was  swollen  and  eroded.  However,  the  other  electrode  (#221) 
was  operated  smoothly  for  four  batch  electrolyses  of  sodium 
chlorate  without  any  erosion  or  fsdlure.  The  current 
efficiencies  were  equal  to  those  obtained  with  lead  dioxide 
over  tantalum  base  anodes,  as  shown  in  Table  7.  Therefore, 
the  failure  of  the  first  electrode  was  jjrobably  due  to  a 
crack  or  other  original  flaw  in  tho  lead  dioxide. 

Two  lead  dioxide  electrodes  (#222  and  #230,  Table  7)  plated 
on  Durhy  #2  rod  ware  tested  in  the  chlorate-perchlorate  cell 
at  15  amperes  and  a current  density  of  0.3  &ap,/oa.-  These 
anodes  operated  in  a normal  manner,  and  currant  efficiencies 
were  about  the  same  as  those  obtained  with  lead  dioxide  over 
tantalum  base  anodes. 
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Sodltm  fLtioride  addition  to  tho  sodlm  chlorate  eleetrolTte 
at  a concentration  of  2.5  g./l.  increased  the  overall  current 
efficiency  appreolahly  on  the  first  hatch  electrolysis. 
EoveTer.  this  current  efficiency  steadily  dropped  on  three 
sucoeeding  electrolyses  with  lead  dioxide  anode  1>1$6  to 
helov  the  ralna  obtained  before  sodium  fluoride  addition. 

A similar  effect  was  observed  in  two  tests  with  electrode 
#227.  Also,  the  type  430  stainless  steel  cathodes  wero 
etched  and  pitted  in  scattered  areas  above  the  solution. 

All  glass  surfaces  were  protected  by  a wax  ooating  during 
these  tests. 

The  presence  of  sodium  diehroaate  at  concentrations  as  low 
as  0.5  S./l.  of  the  dlhydrate  sharply  decreased  the  eunent 
efficiency  when  operating  with  a lead  dioxide  anode.  In 
the  ease  of  lead  dioxide  eleotrode  f223  (Table  T),  the 
addition  of  5*0  g./l.  of  sodium  diehr ornate  to  the  electrolyte 
lowered  the  current  efficiency  in  the  sodium  chlorate  eonoen- 
tration  range  of  6OO  to  I50  S./l.  to  16$.  A 100  asqaere  cell, 
details  of  which  are  given  in  a following  para^aph,  was 
operated  with  sci  eleetrclyts  mads  with  a teohaieal  grade 
sodium  chlorate  which  oontained  0.08^  sodium  diehroaate, 
equivalent  to  a 0.5  g./l.  ooneertration  in  the  electrolyte. 

A current  efficiency  of  27^  was  obtained  with  this  electro-, 
lyte  in  the  sodium  chlorate  concentration  range  of  580  to 
100  g./l.  Vhen  a sodium  chlorate  solution  containing  1.2  g./l< 
sodium  dlchromate  was  electrolysed  in  this  100  aapere  cell, 
the  overall  current  efficiency  from  600  to  100  g./l.  sodium 
chlorate  was  25^. 

Sodium  thiocyanate  at  a concentration  of  1.0  g./l.  did  not 
seen  to  affect  the  current  effioiency  of  a cell  having  a 
lead  dioxide  anode.  These  tests  were  made  with  eleotrode 
#226  (Table  V). 

A continuation  of  tests  with  cell  additives  to  increase 
current  efficiency  was  planned.  This  was  to  include  further 
tests  with  sodium  flnoride  under  various  conditions. 


A suitable  current  contact  was  developed  using  sprayed  silver 
and  oopper  termixials,  which  would  carry  large  currents  to 
massive  lead  dioxide  without  local  heating.  This  development 

possible  the  operation  of  a 100  ampere  chlorate^perehlorate 
oell  with  an  eleotroformed  lead  dioxide  anode  (#219.  Table  II). 

A rectangulsa*  shaped  glass  jar  of  6 liters  cajpaclty  was  used 
as  the  oell  body  and  was  operated  with  5 liters  of  sodium 
chlorate  electrolyse  having  an  initial  ooncentration  of  about 
6C0  g./l.  Other  equipment  details  and  operating  oonditions 
were  similar  to  those  described  in  other  parts  of  this  section 
for  10  ampere  cells,  figure  8 shows  this  100  ampere  oell 
in  opermti^'n. 
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This  cell  was  operated  with  the  lead  dioocide  anodo  for 
24  hatch  electrolyses  of  Bodiujn  chlorate  to  perchlorate 
for  a total  rtmnin^  time  of  860  hours  or  35*8  days  without 
any  noticeahle  erosion  of  the  anode.  Data,  including 
current  efficiencies  on  these  runs  are  giren  in  Table  Til. 
The  Tsrlation  in  currant  efficiency  with  decreasing  sodium 
chlorate  concentration  during  electrolysis  is  shown  in 
Tigure  7 for  a typical  run.  In  all  hut  a few  instances, 
the  cell  was  run  at  100  as^eres,  a current  density  of 
0.28  aa^./cm.^  and  a temperature  range  of  Under 

these  conditions,  the  arerage  currant  efficiency  in  the 
sodium  chlorate  concentration  range  of  600  to  100  g./l. 
was  about  47^. 

The  cell  was  then  operated  with  a sodium  chlorate  solution 
containing  sodium  diohromats  additlTs,  which  lowered  the 
current  efficiency  to  about  26$^  ae  '♦••oribed  in  the  abowe 
eeotion  on  additiwee.  Howerer,  on  succeeding  electrolyses 
with  dichromate-fTee  sodium  chlorate,  the  current  efficiency 
was  raised  to  an  arerage  This  indicates  a possible 

oonditionirg  action  on  the  lead  dioxide  anode  by  the  eodixim 
dichromate. 


Insertion  of  inert  baffles  between  the  anode  and  cathodes 
cf  the  100  auspere  oell  resulted  in  some  rise  in  the  currant 
efficiency,  but  also  a doubling  in  the  oell  Toltage  and  in 
power  consumption. 


The  appearance  of  the  lead  dioxide  anodes  after  testing  in 
the  chlorate-perchlorate  cells  was  essentially  unchanged. 
There  was  no  localized  or  serious  srosion  or  cracking  of  the 
lead  dioxide  deposit.  In  general,  the  peaks  of  the  surface 
lead  dioxide  crystals  lost  their  metallic  Itister,  aoid  under 
the  microscope  a smoothing  of  the  points  was  apparent. 
Otherwise,  there  was  no  attack  on  the  anode.  The  electro- 
lyte in  all  cases  remained  clear  and  color less , except 
where  discoloration  occurred  due  to  corrosion  of  auxiliary 
cell  cosponents  other  than  tho  lead  dioxide  anode. 

Weight  losses  of  lead  dioxide  anodes  in  laboratory  seals 
chlorat»-psrchlorate  cells  corresponded  to  a mazlmum  of 
about  SO  grams  per  ton  of  sodium  perchlorate  formed.  In 
most  oases,  there  was  either  no  detectable  weight  loss  or 
the  wci^t  loss  was  smaller  than  the  maximum  noted.  Losses 
In  platinum  cells  have  been  reported  (2)  to  be  0.2  troy 
ounce  (6.2  g. ) per  ton  of  sodium  perchlorate  formed. 
Therefore,  lead  dioxide  anode  weight  losese  mi^t  be  con^- 
eidered  to  compare  favorably  with  those  of  platinum  anodes, 
especially  on  a cost  basis.  Lead  dioxide  weight  lose  studies 
are  summarized  in  Table  Till.  These  lead  dioxide  electrodes 
were  coll  tested  for  periods  corresponding  to  vp  to  60  days 
continuous  operation. 
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In  Tiew  of  the  eonoern  expressed  orer  possihle  lead  eontaaizM^ 
tlon  of  perohlorate  fZ>on  a eell  using  a lead  dioxide  anode, 
a speetroj^aphio  studjr  was  mads  of  the  product  eleotrolTte. 

A spectro^aa  of  evaporated  eleotrojgrte  irom  a ehlorat»*par- 
ohlorate  eell  after  28  hours  operation  at  5*8  as^res  with  a 
lead  dioxide  filled  storage  hattsry  plate  showed  no  eyldenee 
of  lead,  althou^  there  was  eonsiderahle  erosion  of  lead  from 
the  plate.  Speetrograas  of  cathode  scum  and  Insolxihle  cell 
liquor  precipitate,  obtained  after  operating  cell  #19^1 
(See  lahles  II  and  7)  for  fire  da^s  at  5 asQ>eres  with  an 
electrodeposited  loassiye  leeUl  dioxide  anode,  showed  leaid  as 
a lolnor  constituent.  The  evaporated  electrolyte  f^om  the 
same  call  revealed  no  speotrographic  tract  of  lead.  Thus, 
the  eroded  lead  from  the  anode  either  plated  out  on  the 
cathode  or  formed  an  insoluble  cocqpound.  The  100  ampere 
cell  in  one  instance  (#219-2,  Table  TII)  was  run  \intil  all 
the  chlorate  had  been  converted  to  perchlorate,  and  the 
dried  sodium  perchlorate  was  axxalysed  for  lead  by  the  dithi> 
sons  extraction  method.  Only  0.25  lead  was  found. 

Qurrmt  flgntoct  to  Iiflad 

Dos  to  relatively  high  contact  resistance  of  lead  dioxide, 
the  contriving  of  a workable,  noiv-heating  lead  dioxide 
current  contact  has  taken  considerable  research  effort. 

Tables  IX  and  X list  the  various  methods  used  to  bring 
current  into  the  aeuisive  lead  dioxide  electrodes.  The  use 
of  astsil  pressure  plates  and  clasps  against  the  outside 
surface  of  the  load  dioxide  proved  inadequate  in  preventing 
heating  in  the  contact  area  with  even  moderate  currents. 

Casting  of  a low  melting  alloy  such  as  Wood's  metal  (m.p. 
70*0.)  around  the  tqoper  end  of  a lead  dioxide  anode,  which 
had  already  been  closely  wrapped  with  copper  or  nicloal  wire 
to  serve  as  current  leads  proved  more  satisfactory.  This 
type  of  contact,  however,  was  somewhat  bulky  and  it  was 
necessary  to  protect  the  surface  of  the  metal  cx-stizig  from 
Ijanerslon  or  spray  contact  with  the  chlorate-perchlorate 
eell  electrolyte  to  prevent  serious  corrosion.  Also, 
the  Wood's  metal  did  not  vet  the  lead  dioxide  surface 
well,  and  so  the  oontaot  was  not  dependable.  In  at  iMst 
one  case,  the  electrode  beooae  warm  due  to  poor  current 
oontaot.  and  a portion  of  the  Wood's  metal  was  melted, 
falling  into  the  eell.  Sleetrode  200  was  first  spray 
coated  with  sine  metal  over  the  top  two  inches  to  a thlcloiess 
of  about  0.005  inches.  Oast  Wood's  metal  then  vet  and  ad^ 
hered  tightly  to  this  sine  coating. 
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A fairly  satlsfaetory  oxurrant  contact  oon«i«ted  of  oataiT* 
Isad  dioxide  plated  orar  a 'baae  aaaembly  eonpoaed  of  niolnl 
wire  tl^tly  wound  around  or  otharwlaa  attaohad  to  the  upper 
and  of  tantalua  rod,  plate  or  acraan.  The  portion  of  the 
alaotroda  containing  the  aa^addad  nickel  wire  remained 
above  the  alaetrolyta  laval  in  the  ohlor at  a-parohl orate 
eall.  On  the  finiahad  alaotroda,  the  ft'ae  ends  of  the 
nickel  wire  aarvad  to  carry  the  current  into  the  lead  dioxide. 
Thua,  the  tantalum  aarvad  only  aa  a aupportln^  baaa  and 
currant  carrier  during  plating,  ainee  it  ^adually  heated 
up  whan  carrying  aran  moderate  ourranta  in  the  chlorate-par- 
chlorate  eall.  Howarar,  there  waa  a tendency  for  more  cr 
laaa  aroaion  of  the  niokal  wire  in  the  lead  nitrate  platixig 
hath.  During  plating,  the  lead  diozida  formed  more  heavily 
on  the  niokal  than  on  tantalum  in  the  aaaa  area,  raaulting 
in  nodular  growth  and  uneven  thieknaaaaa  on  heavy  lead 
dioxide  depoaits.  Iheae  diaadvaatagea  ware  minor  whan 
plating  on  solid  tantalua  rod,  but  baoaaa  serious  whan 
using  flat  tantalum  shaat  or  screen.  Whan  copper  wire 
was  used  In  place  of  niokal  it  rapidly  eroded  in  the  lead 
nitrate  bath,  and  no  lead  dioxide  waa  deposited. 


C 


Xlectrode  200  mantionad  in  the  eeeond  paragraph  above 
depended  on  two  ouzrant  content  methods  for  carrying  current 
to  the  lead  dioxide  during  tasting  in  tha  ohlorate-per- 
ehl orate  cell.  It  contained  nicksl  wires  embedded  in  the 
lead  dloxida,  with  the  free  wire  ends  turned  over  and  em- 
bedded in  the  Wood's  natal  casting.  This  electrode  was 
operated  at  25  amperes  at  an  anode  current  density  of 
0.2  anp./cm.^,  with  currant  contact  made  to  the  ezpeaed 
loops  of  niokal  wire.  The  anode  ran  cool  and  a current 
efficisnoy  of  78^  was  attained. 

When  massiva  lead  dioxide  waa  plated  over  Monel  screen 
(Plata  Table  XX), the  Monel  carried  current  into  the 

lead  dioxide  diiring  operation  in  the  chlorate-perchlorate 
cell.  However,  when  the  electrode  waa  broken  open  after 
11  days'  operation  at  5 aa^eres,  it  waa  found  that  the 
Monel  screen  base  had  completely  eroded  away  below  the 
electrolyte  level,  leaving  voids  in  the  leaid  dioxida. 

On  spectro^aphic  analysis  of  the  precipitate  from  the 
above  cell  liquors,  nickel  waa  foimd  to  be  a major  con- 
stituent and  copper  a minor  constituent.  The  current 
effieianoy  was  lower  than  with  a tantalua  baae  anode. 

Several  attea^ts  were  made  to  carry  the  ohlorate-per- 
ohlorata  call  oxerrent  to  the  lead  dioxide  directly  throng 
the  tantalum  base.  In  evory  case,  whether  the  base  was 
rod  or  screen,  the  anode  rapidly  became  hot,  and  surface 
temperatures  of  100*C.  ware  measxirad  with  a thermocouple 
contEust. 
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8«m  proaislB^*  verk  has  1w«a  dpn*  m th«  iui«  «f  tha 
Mtnl  qpray  taofaniciaa  for  tortdng  adhoront  aotallie  doposits 
OTor  load  disxide  for  uoo  ao  lov  roolotaaao  oorront  ooataoio. 
In  on*  jMthod.  tbo  speragrls^  waa  dona  wltk  a "Koteo*  oprajr 
gan  into  vhioh.  waa  fad  l/8  Inoh  dlaaotar  vira.  Ooatiaipi 
•t  sine.  load,  ooppar.  tin.  silrar,  and  altminnn  wara 
sprapad  an  l/4  Inoh  dlaaotar  load  dioxide  rods  1>eth  sia^l/ 
and  in  donltla  layers  of  diffarant  aatals.  Xba  patantial 
aorosa  tho  natal  ta  load  dloxido  oontaot  area  was  asasurad 
on  a potantioaotar  with  0.5  aa^ara  pasolnd  throtm^  tha  load 
dioxida  apaoinan  rod.  Taltsda  dropo  wara  all  in  tha  ran^ta 
of  0.5  to  1.5  Tolts  axoapt  in  tbs  oasa  of  slliwr  on  load  dloa>> 
Ids  whieh  was  0.002  rolts. 

This  ssrias  of  natal  sprsjriv(a  waa  rapaatad.  with  0raat 
oara  bains  takan  to  aTOid  haatin^  the  lead  Uoxids  aneh 
abora  100*0.  dterins  tha  astal  speayins*  Tba  potentials 
aoross  tha  astal  ta  load  dioxida  eontstot  areas  wars  aa»> 
svrad  as  abora.  but  with  one  a^para  passins  00  that  tha 
issasnrad  potentials  wara  anaarloa'*l)r  a^nal  to  tbs  oontaot 
raslstanea  in  ahns.  In  all  oasas  whara  silrar  was  tha  bass 
ooatlns.  tha  aatsil  to  load  dioocids  potastisd  drops  wara 
about  .0002  TOlt.  Other  aatals  cars  potantial  drops  of 
about  0.15  volt. 

Spray  eoatins  of  rarlaos  natsLls  on  aaaalra  load  dioxida 
WHS  also  dona  by  tha  Oolnsnoy  Spraywald  Prooass.  Sy  this 
aathod.  pswdarsd  natal  was  air  prepallad  throng  tha  Jat 
of  a gun  whara  it  was  hsatad  ts  iaeandssasnos  by  an  sxygon* 
aoatylsna  flaae  and  wajsotad  by  oo^prassad  air  to  tha  sta>> 
fhea  to  bo  eoatad.  A silrar  to  Lead  disxids  oaatlng  fornad 
In  this  way  had  a potantlol  drop  of  0.0002  rolt  at  ons  aapsra. 
Other  aatals  showad  potsntlnl  dxnps  of  0.6  to  I.5  rolts. 
axoapt  eoppar  whioh  wm  O.O3  relt. 


By  oo^psrlssn.  niehsl  wirs  mbaddsd  in  nasslrs  load  dloxlds 
dwlng  slaotroforning  ahowod  a astal  to  Isad  disxlda  poton> 
tial  drop  of  0.02^  rolt  at  one  anpars.  Sha  oontaot  raala- 
tsmoa  la  thus  about  loO  tiaas  iprootar  than  that  of  sprsjad 
silrar  ta  lead  dlozldn. 

On  the  basis  of  tbasa  rasulta.  it  was  oonoluSad  that  silver 
is  tba  only  prutioal  natal  of  thosa  tastad  for  nsa  as  a 
first  sprsy  eoat  orsr  load  dioxida  tvr  low  oontaot  raslstanea. 
Also,  any  othar  good  oonduetor  any  bo  spraysd  to  an  approoiabla 
thioknoss  oror  a thin  sllror  ooatlng  of  0.001  inoh  or  lass 
and  still  oaintain  low  eemtaat  rasistanao.  Ooppar  is  pro- 
farrad  as  a silrar  oraroosting  baoav'  * of  its  oondnetirity. 
duetillty  and  hardness. 

Silrar  was  also  depssitsd  sn  assaivs  load  dioxida  by  radno- 
tlen  ikon  a solution.  A silrar  aalt  solution  and  a rodneing 
salutim  wars  fad  throni^  a spaoially  dasignad  spray  gen. 
thn  two  sprays  nixing  Jruit  bafora  hitting  tha  ebjaet  to  ^ 
sllrsrad.  It  was  found  naaassaiy  to  first  aotlmta  tha  land 
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dioxide  surface  with  a solution  of  stannous  chloride  before 
silver  coating.  This  silver  to  lead  dioxide  potential  drop 
vas  0.000^  volt  at  one  aapere. 

An  atteiqpt  to  plate  silver  on  lead  dioxide  from  a silver 
cyanide  bath  was  not  successful.  The  deposit  formed  »ae 
not  conducting  and  appeared  to  be  lead  monoxide.  Copper 
was  electroplated  on  lead  dioxide  from  an  acid  sulfate  bath, 
but  f^om  a copper  cyanide  bath,  the  restilt  was  similar  to 
that  from  a silver  cyamlda  bath. 

A currant  contact  area  was  formed  on  the  upper  h~3/4  inches 
of  lead  dioxide  electrode  fZ19  (see  Table  II)  by  spraying 
on  silver  and  oopper  with  the  "Metco"  wire  spray  gun.  A 
coating  of  silver  probably  not  more  than  0.001  Inch  thick 
was  first  formed  on  the  lead  dioxide.  Tour  #10  gacuge  copper 
wires  were  then  fietened  vertically  to  each  face  of  the  elec- 
trode In  the  silver  sprayed  area  by  means  of  cross  tylzig 
flh  gauge  copper  wires.  The  tops  of  the  #10  wires  extending 
above  the  silver  coated  area  were  soldered  to  l/k  Inch 
thick  brass  plates  which  ware  then  covered  with  masking 
tape.  The  silver  coated  eu:ea  was  heavily  spray  coated 
with  copper  to  a thickness  of  about  l/8  Inch  to  bind  the 
copper  wire  assembly  to  the  electrode. 

Measurement  of  potential  drop  between  the  sprayed  copper  and 
lead  dioxide  at  one  as^ere  gave  a value  beiow  0.0001  volt. 

This  electrode  was  sueceesfully  operated  at  100  an^ree  in 
the  chlorate-perbhlorats  cell  as  described  In  Section  A2o 
of  thle  report,  and  illustrated  In  Tlgura  8.  Another  electrode 
with  a similarly  formed  current  contact  area  is  shown  in 
Figure  9. 

(harrent  contacts  were  similarly  formed  on  electrodes  #221 
to  #230  (see  Table  IZ)  by  the  Oolmonoy  Sprayveld  Process. 
Eowever,  on  these  rod  electrodes,  a spiral  oopper  wire  current 
lead  oovild  not  be  bound  to  the  electrode  by  the  copper  spray. 
Soft  soldering  of  the  copper  wire  lead  to  the  copper  spray 
coating  proved  satlsfaustory. 

All  of  the  above  isetal  spraylzig  was  dons  on  the  as-plated 
surface  of  the  lead  dioxide.  Such  a surface  was  more  or 
leas  eryetalline  and  similar  to  the  sxirfaoe  of  fine  emery 
cloth.  This  provided  many  points  for  binding  the  metal 
coatings  to  thw  lead  dioxide.  The  metal  spray  ooatlngs 
tended  to  peal  badly  from  the  surface  of  flat  elaotrodes 
which  had  bean  machine  ground  to  form  parallel  plane  faieas. 

Sven  after  the  ground  surface  had  been  grit  blasted  to  pro- 
vide some  rou^anlng,  metal  ooatlngs  thicker  than  a few 
thousandths  Inch  cracked  and  pesled. 


I I * * ♦ - ! 

. ' 1 ' I 1 


Zisad  storage  battery  grids  were  tested  as  anodes  in  the 
chlorate-perchlorate  cell.  The  electrode  consisted  of 
an  anodised  lead  battery  sheet,  that  is,  coatpausted  lead 
dioxide  in  a leeA  griA  vSiioJi  was  obtained  as  a sample  from 
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XOnst  la  optfaiion,  ibe  cable  logs  would  %•  fksteaed  to 
each  of  the  two  braes  plates  shown  elaa^ed  to  the 
coppar  oTer  silver  spraxed  ourrent  contaot. 
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Xleotrlo  Storage  Battery  Oo.,  PhlXadalphia,  BsonsylTania. 

Zb  operation,  the  anode  portion  ahore  the  electrolyte  lerel 
heated  to  about  80*C.  for  the  flret  tvo  to  three  honre  and 
then  ran  cool.  The  electrolyte  wae  light  'farevn  after  24 
hotirs.  The  anode  Allied  at  JO  heart  due  to  ootqplete  erotion 
of  the  eopportlns  lead  grid  at  the  eolution-ali*  interface, 
and  the  lead  grid  throo^out  th»  lomerted  portion  of  the 
anode  vat  eeriootly  eroded.  A correst  effloleney  of 
39  percent  wat  obtained, 

Zn  an  attaspt  to  produce  a lead  dioxide  coating  by  aeana 
other  than  noroal  aleotroplating,  lead  tubing  wat  anodised 
to  form  a lead  dioxide  film.  The  lead  tube  vat  flret  de- 
greased in  5 percent  todipm  hydroxide  tolution,  pickled 
in  15  percent  nitric  acid,  and  then  tueoetoiTely  anodised 
at  25  ampa./ft.2  and  25*C.  in  a 30  g./l.  sodium  oyenlda 
tolution  for  6 minntet,  and  a 75  S*/l*  sodium  carbonate 
tolution  for  one  hour.  A white  coating  with  brown  spots 
wat  formed  in  the  cyanide  bath.  This  was  subeequently 
conTerted  to  a Telyaty  brown  coating  in  the  carbonate  bath. 

On  testing  in  the  chlorate-perchlorate  cell  at  0.1  an^/cm^ 
more  than  half  of  the  coating  came  loose  and  wat  disparted 
in  the  oell  within  fire  minutes.  The  lead  tuba  was  rapidly 
attacked,  and  foszy  lead  was  plated  on  the  cathode.  The 
electrol;^e  turned  milky,  and  its  pH  rote  from  3*3  to  10, 

The  tame  results  were  obtained  with  an  initially  alkaline 
electrolyte. 

3*  Physical  Prouarties  of  Lead  Ploxida 

a.  Blactrlcal  CoBduntlwlty  of  Lead  Dioxide 

l^ton  3.  Thomas  of  the  Bell  Talophone  Laboratories  (3) 
measured  the  eleotrioal  conductiyity  of  dense  samples  of  lead 
dioxide  prepared  by  the  electrolysis  of  lead  perchlorate  and 
lead  Bulfaaate.  The  specific  reaistanos  of  these  dense  saaplss 
was  of  the  order  of  200  x lO*^  olaa>em.  The  speoifio  rssi»- 
tanoe  of  porous  naaples  prepsured  '^om  storage  battery  oxides 
was  7400  X 10-0  and  porous  samples  prepared  fkom  prseesd  pewder 
was  14,200  X 10~°  oha>>om.  (see  Table  XX ). 


Thomas  wade  eleotrioal  eontaots  to  the  lead  dioxide  eanple  by 
one  of  three  ways: 


(1)  copper  virs&  were  cemented  to  the  Pb02  with  eonduoting 
cement 

(2)  thin  strips  of  sllTsr  foil  were  presaad  directly  against 
the  speolmen;  or 

(3}  against  areas  on  its  surfaos,  onto  whl(^  a thin  lawyer  of 
gold  has  been  eraporatsd. 


H.H.  PalmaMB*  (4)  meausured  the  eleotrioal  properties  of  lead 
dioxide  made  by  sleotrolysls  of  a dilute  lead  nitrate  solution. 
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He  fomd  th«  apeeiflo  ratlttanoa  of  lead  dioxide  to  Tm  92 
z to  97  X oh»>on.  with  a poaltlre  tei;>erattcr6  o»> 
efflolant  of  0»06  poaroaa.t  par  decree  in  tlia  raa^o  of  22-84*0. 

At  Basmaaltt  the  q>aolfio  raalataaoa  of  a plaoa  of  natalTa 
lead  dioxide  (5.7  ea>  x 2.5  om.  z 0.7  om.)  plated  from  an 
aold  lead  nitrate  tath  vaa  Bearorad.  The  original  aodolar 
plate  vau  out  with  a diaaiojsd  saw  todbtain  saooth  aurfaoaa. 
Zlaotrloal  oontaot  vaa  oad^  at  the  anda  of  the  dense  lead 
dioxide  hy  first  wrapping  on  oopper  foil  and  then  ti^tljr 
wrapping  thin  oopper  wire  orar  the  foil.  Ihlt  vat  pretaed 
firaly  a^lnat  the  lead  dioxide  'bgr  aoraw-tTpe  heae  olaapt. 
Oarrent  was  paaaed  throng  the  lead  dioxide  (4  and  8.6 
a^>ere8)  and  the  TOlta^e  drop  aoroas  a 2.54  oa.  len^rth  of 
lead  dioxide  was  aaaavared  by  preaaiac  prebea  leading  Area 
a Subloon  petmtlonater  flraly  axalnat  the  lead  dlexlds. 

Aie  oepper-lead  dioxide  ooataeta  were  not  aatlafaotery* 
aa  eTideaoed  by  the  fleet  that  the  whole  asaaably  beoaae 
hot.  The  apaolfie  reslatlTlty  aeeordini:  to  these  aeastveaenta 
was  ttoa  40  to  5^  X 10~o  ohxa-oa. 


Thus  lead  dioxide  has  oharaoterlatios  which  more  nearly 
approaoh  those  of  metals  than  those  of  oeml-conductinrs.  Its 
oonduotiTlty  is  much  hi^ar  than  that  of  most  semi-oonduetors, 
and  dsoreases  with  tanperature.  De^se  lead  dioxide  is  mors 
oonduotin^  than  gysphite  (800  x 10~4  ohm.-om.)  and  its  speoifio 
resistanee  is  about  equal  to  that  cf  the  poorly  eondnotlng  me-  i 
tals  such  as  meroury  and  bismuth. 

b.  SMalllfl  ftrsTlty 

V.  E.  Falmaer  (4)  measured  the  spselflo  crawity  of  lead  dioxide 
sleotrolysed  ftrom  dilute  lead  nitrate  solution.  Its  speoifio 
ffavlty  at  20*0.  was  9.36. 


In  the  present  study  a masslwe  piece  of  lead  dioxide  sleotro- 
lyssd  from  the  a old  lead  nitrate  bath  (Formula  IH-2)  had  a 
sueolflc  grarlty  of  9.32  at  24*C. 

e.  BBrflntil 

V.  H.  Falmaer  (4)  foxmd  that  the  hardness  of  elsetroplated 
load  dioxide  was  between  5 xnd  6 on  the  Koh  scale. 

In  the  present  study,  the  nassiTs  lead  dioxide  plates  hawe  been 
hard  (not  measured)  oausin^  dlfflonlty  in  aachlnins  off  nodules 
formed  on  thick  plates.  Suoh  samples  giren  to  Oarborusdua 
Ooapany  were  found  by  them  to  machine  easily  in  the  following 
aazuier  (6)t 


(1)  Grinding  with  Carborundum  Brand  - A 36-06-730  whesl, 

8*^  diamster  z 1*  wide,  and 

(2)  Jutting  with  a ostal  bonded  diamond,  wheel  - Ho.  18005. 
6"  dlaaater  x 0.045*  wide  (6o  grit,  25  oonoentratien). 
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nUnfTnTlflB 

L«ad  pQlaocdsc  (?)  la  ona  of  tha  oldaat  a&d  boat  laom  of  all 
oooopotlosial  diaooaoa  and  It  my  bo  fOvnd  wbororor  load  or  loa<i 
oo^pounda  aro  ttaod.  laoarcaalo  load  oom>otaida  my  bo  abaarbod 
olthor  by  inhalation  or  by  ln«oation.  Ihoro  la  said  to  bo  no 
orldonee  that  Insrsanlo  load  oo^ounds  oan  bo  abaarbod  thronch 
healthy  nabrokon  akin  in  foantltioa  suffloiont  to  produoo  load 
Intnnloatloa.  Beworor^  load  eomiotaido  cm  the  hands  fToqxisntly 
will  roanlt  la  tho  ia«Mtlon  of  those  subotaaeos.  loth  soluble 
and  Insoluble  oo^oounds  oan  prodooo  ayaQitom  of  load  intooclea- 
tlon.  fhoroforo,  whonoTor  loaul  or  xoad  eo^pouads  aro  used, 
oat  ears  mot  bo  usod  tv  pkO^ load  IntaKioaticm  in  tho 
workers.  Good  hoooJhiqslac,  rubber  slores,  dust  mska,  and  aoucd 
oanltary  habits  are  rotulrod  if  the  load  hasard  Is  to  bo  UToldod. 

Vlth  darofbl  oontrol  of  workisc  eonditletti  ahd  jarooedaros  and 
close  aodloal  obsorTatioox  of  tho  vorkara,  there  Is  no  dMacez* 
of  serious  load  polsania^. 

In  the  olootrofomlnfi  of  aaatiTO  lead  diexldo  olootrodos  there 
is  freaxieat  possibility  of  homn  ocmtaet  with  tho  lead  nitrate 
or  other  soluble  lead  salt  solution  of  tho  plating  bath.  Also, 
la  tho  rsplenlshnont  of  tho  platings  bath  with  load  noioKldo, 
or  lltharflo,  as  It  la  somOBly  known,  this  finely  diwldod  powder 
la  tranafkrxud  by  aooop  fron  tho  original  eantalaer  to  wolgjhlnc 
oontalme  to  tho  roplonlshln^  tank  of  tho  plating  bath.  In 
thooo  bandl  Ing  oporatlona  there  la  a tondonoy  fer  smo  load 
oxide  dust  to  bo  dispersed  into  the  atmephoro , and  aloe  to 
adhere  to  all  ebjoota  sdiloh  tench  it. 

She  finlohed  load  dloKldo  oloetrodo*  Itself  boinc  bsrd  and 
oo^paot,  eon  bo  oenoldered  to  bo  inert  so  far  as  tho  dancsor 
of  load  peleonin|(  Is  oenosanasd.  In  oases  vhers  tbs  lood 
dloKlds  oloetrodo  is  to  bs  surHaas  #^wnd  sr  out,  thsro  will 
bo  a load  flocldo  dnst  dlaiporssl  into  tho  ataosphsro  ^oot  as  in 
the  handling  of  pewderod  lltharflo. 

5,  liTijB  rf  Atwimiw  Mtfratart  m ImA  SimiM 

An  apparently  sustained  effort  on  tho  preparation  of  load  dioxide 
alootredoa  and  thalr  ipplioatlon  to  Tarloxui  olaotrolytl*  aetidation 
prooossea  inolnding  the  produetlon  of  sodliaa  pordhloorata  has  ‘besa 
sarrlod  on  V rarlaus  Japanoao  InTaatlgators  at  tho  Mlgro  Institute 
of  Toohnolopy  for  tho  poet  20  yooro.  Jtoglitb  tranolatlons  of  throe 
paswra  end  a Japanooo  patent  on  thla  work  hawo  roeoatly  boon  i‘o> 

OOlTOd. 

The  first  paper  by  Kate  and  Kolaunl  (I)  was  published  In  19>^  end 
lo  titled  "A  Bow  Broooss  for  tho  Preparation  of  Load  PoroxlA* 
Anodes*.  A 30  pereont  oolution  of  lead  nitrate  oontalainp  a 
hydrophll  such  as  gelatin  was  tieod  for  a load  dl«cldo  plating  bath, 
and  It  was  roeoamndod  that  tho  bath  bo  e^rat^  at  80^*  and  an 
anode  owront  density  of  100  anpe./dn.^,  (929  oopo./ft.*)*  fht 
lead  dloxldo  vhiob  was  iepooltod  on  graphite  and  niekal  was  said 
to  bo  Tory  fine  with  no  peroo  end  waa  aads  is.  flat  plates  up  to 
20  by  om.  la  a ditoueoion  of  engrgan  OTorroltogo,  it  was  o^khkd 
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that  the  Talua  for  laad  lloxldo  vas  soasvhat  hi^ar  than  platinua 
anl  thua  it  could  he  used  aa  anode  in  the  eleotroljriia  of  aodiuu 
ohlorate  to  perchlorate.  A 50  pereaat  aediua  chlorate  solution 
containing  5 parcent  sodium  dichronato  »as  used  as  electrolyte. 

The  hath  temperature  vas  maintained  at  5*C.  and  the  current  deaeity 
at  12  a;ips./da.^  (ill  as^s./ft.^).  tmder  vhich  conditions  the  cell 
TOltage  was  h.9.  A onrrent  efficiency  of  36  percent  was  attained 
with  the  lead  dioxide  anode  as  corjpared  to  81  percent  with  plati- 
num at  the  sans  current  density.  Howeyar,  when  the  current  densi^ 
of  the  platinum  was  increased  to  its  normal  yalue  of  JO  aa^n./Sm, 
the  same  amount  of  perchlorate  was  produced  in  both  oases  hy  actual 
amounts  of  power. 

Zato  tmd  co-workers  (9)  published  a paper  in  19^1  titled.  "Out- 
line of  Semi- industrial  Research  for  the  Slsctrol^ic  Preparation 
of  Sodium  Perchlorate  with  New  Metal-like  Lead  Peroxide  Anodes". 

They  reported  the  axygen  overvoltage  cf  load  dioxide  to  he  0,15 
volte  lower  than  that  of  polished  platinum  in  1-R  EOB  at  J0*C. 
and  a current  density  of  10-20  an^3./dm.^  (92*9~l85>8  amps. /ft. ^). 
Their  plating  hath  ooo^osltlon  and  operating  conditions  were  rary 
similar  to  those  described  above,  except  that  a lower  ourrsnt 
density.  15-20  amps. /dm. ^ (13^186  Bopa»l Zt») , usea,  the 

cathode  wats  graphite  or  a rotating  copper  rod,  and  the  lead  dlcxlds 
was  plated  to  a thickness  of  7 nm.  on  the  Inside  of  a nickel  cylin- 
der. This  plated  cylinder  with  the  provision  of  a suitable  bottom 
then  ss2*ved  as  the  ehlorata-psrchlorate  cell  container.  On  elec- 
trolysis of  a ^ percent  sodium  ohlorate  solution  at  an  anode  current 
density  of  17  anps./da,2  (158  earps./ft.^) , and  a cell  tsoperature 
of  26*0.,  a current  efficiency  of  w percent  was  obtained  with  an 
86  percent  conversion  of  chlorate  to  perchlorate.  A sudden  drop 
in  ctSTsnt  efficiency  at  85  percent  conversion  was  erplal’’id  as 
being  caused  by  the  reduction  of  perchlorate  at  the  cathode.  The 
current  efficiency  was  increased  to  57  percent  with  the  reaction 
carried  to  99  percent  eopqjletion  when  a small  piece  of  platinua 
(1^2^  of  area  of  Pb02)  was  placed  in  the  cell  connected  in  parallel 
with  the  lead  dioxide.  The  increased  current  efficiency  was  at- 
tributed to  deposition  of  dissolved  platinua  on  the  cathode,  thereby 
lowering  the  hydrogen  overvoltage  of  the  cathode  and  preventing 
cathodic  reduction  of  perchlorate. 

direct  electrolytic  production  of  sodium  perchlorate  from  sodium 
chloride  in  a single  electrolysis  was  also  carried  out,  using  the 
above  lead  dioxide  anode  with  an  overall  current  efficiency  of 
^9  percent. 


During  extended  electrolysis  with  the  anode  consisting  of  lead, 
dioxide  on  nickel,  the  nickel  base  was  oxidised,  causing  contact 
resistance  between  the  lead  dioxide  and  nickel  to  increase,  and 
thus  the  voltage  for  electrolysis  to  rise.  In  addition,  the 
electrolyte  seeped  through  pinholes  in  the  lead  dioxide  and  dis- 
solved the  nickel  base,  causing  electrode  failure.  It  was  found 
possible  to  separate  the  lead  dioxide  from  the  nickel  base  by  ced- 
ing, ftzd  obtaining  a long  lived  electrode,  taking  advantage  of  the 
greater  ooeffioient  of  thermal  expansion  of  lead  dioxide.  Slao- 
trlcal  connection  was  made  at  the  top  end  of  this  eleotrode  to  a 
part  of  the  nickel  base  that  had  not  been  removed. 

Suglno  (10)  published  an  abstract  in  1950  of  twelve  previously 
published  papers  on  "Preparation,  Properties,  and  Applloation  of 
the  Lead  Peroxide  Eleotrode  Manufactured  by  a New  Method".  Hit 
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lead  dlozldo  plating  t)ath  eonpoelllon  and  opez^tlng  oondltloni 
were  Tery  «linilar  to  tho«a  dsserl'bsd  In  the  abora  two  papers. 

A lower  anode  current  density  of  6,^6  aapi./do.^  (64.6 
was  used,  no  hydrophil  addition  agent  was  added  »o  the  plating 
bath,  and  the  lead  dioxide  could  be  plivtad  on  the  inner  surface 
of  an  "iron*  cylinder  by  using  a neutral  lead  nitrate  solution. 
Ihuring  electrolysis,  the  pH  and  conoentration  of  lead  ion  were 
maintained  constant  by  continuously  circulating  the  electrolyte 
through  an  external  train  system  consisting  of  a holding  tank, 
a neutralizing  tank  in  which  Pb(0H)2  waa  kept  in  euspension  by 
agitation,  a filtering  bed,  and  a reheating  tank  from  which  the 
replenished  and  neutralised  electrolyte  waa  rettunaed  to  the  cell. 
The  "iron*  cylinder  was  cut  away  from  the  inner  eleotrodeposlted 
lead  dioxide  cylinder,  and  the  lead  dioxide  was  then  cut  lengtlw 
wise  into  sixteen  rectangular  strips  3^0  am*  x 45  ma.  x 8-10  nm. 
thick.  Current  conteust  was  made  to  the  lead  dioxide  by  first 
wrapping  silrer  foil  around  the  upper  end,  and  then  tl^tly  olais{v> 
ing  an  aluzsinun  or  brass  strip  orer  ths  sllwer,  the  anode  le«^ 
than  being  fastened  to  thla  elanp. 


In  an  altarnate  method,  the  lead  dioxide  waa  dspoelted  fkom 
neutral  load  nitrate  at  27-3i*C.  on  the  outer  aurface  of  a rotating 
rod  which  wao  corerad  with  a paraffin-graphite  mixture.  A hollow 
cylinder  of  lead  dioxide  was  then  obtained  by  molting  the  paraffin 
and  sliding  out  the  rod.  The  plating  bath  for  this  use  was  modi- 
fied by  the  addition  of  10-30  g»/l»  0u(H03)2  and  6C-80  g^/l*  Sa0104* 


The  lead  dioxide  ajxode  was  reported  to  be  a good  conductor,  earry- 
Ing  aboTS  20  ampt./dm.^  (l86  aapo./ft.^),  and  almost  perfectly 
insoluble.  On  electrolysis  of  sodlm  ehlorats  solution  using  this 
lead  dioxide  anode  and  18-8  atainless  steel  cathode  at  20  as^s./dm^ 
(l06  aa^8./ft.2)  and  30*C.,  a current  efficiency  of  4lji  was  obtained 
ea  a 99*9  percont  comrersion  of  chlorate  to  perohlorate.  The  addi- 
tion of  2 g*/l.  of  sodium  fluoride  waa  foxind  to  inoreaae  the  ctorent 
efficiency  to  82  percent  over  the  same  conoentration  range.  Direct 
electrolytic  production  of  sodium  perchlorate  from  sodium  chloride 
was  similarly  carried  out,  except  that  during  the  Initial  stage  of 
electrolysis  from  01**  to  ClOy*  the  cell  t eoperature  was  maintained 
at  60-65*0.  and  a small  amount  of  hydroohlorio  sioid  wasm^ded  from 
time  to  time  to  maintain  the  eleotrolyte  slightly  acidlo.  When 
the  chlorate  formation  was  almost  oomrolats,  2 g./l.  soditua  fluoride  | 
was  add»l  to  inorease  the  chlorate  to  perohlorate  current  efficiency^ 
An  OTerai.l  current  efficiency  of  about  60  pereent  was  obtained. 

This  method  for  direct  slectrolytle  production  of  sodium  perchlorate  I 
ie  covered  by  Suglno  in  a Japanese  patent  (ll)  issued  In  1946.  P»- 
tasslum  chlorate  was  elsotrolytlcally  formed  from  potassium  ehlorldei 
at  a current  efficiency  of  81  percent.  , 


The  oxygen  overvoltage  of  the  lead  dioxide  anode  waa  measurad 
In  IS  eulfurlo  acid  at  30*C.  at  various  current  denaitiea  and 
compared  with  that  of  smooth  platinum.  The  values  for  lead 
dioxide  were  fo\md  to  be  somewhat  lower  than  for  platinum,  for 
example,  O.16  volte  lower  at  1 aap./dm.^  (9.3  amps/ ft. 2).  On 
addition  of  various  amounts  of  hydrofluoric  acid,  it  was  found 
that  the  overvoltage  of  lead  dioxide  Inereaaed  with  the  lo|pu“ltha 
of  the  oonoentratlon  of  hydrofluoric  acid. 
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The  prooeduree  Aeserihed  in  the  ahore  papers  were  generally 
oonfinoed  hy  the  work  of  the  present  OHR  project.  Howsrer, 
the  use  of  the  natnral  hydroiMl  gelatin,  as  addition  agent 
in  the  plating  hath  resulted  in  a lead  dioxide  of  low  fraotiir- 
ing  strength.  Therefore,  a synthetic  stirface-aetire  agent  was 
substituted,  permitting  increased  effeetlTeness  in  producing  a 
fine-grained  lead  dioxide  deposit  with  maxiata  strength  and 
density.  Also,  the  Japanese  did  not  reveal  the  use  of  a lead 
dioxide  hase  material  such  as  tantalum  which  would  ha  coBQplataly 
inert  during  anodic  electrolysis  of  sodium  chlorate  solution. 

The  problem  of  current  contact  to  the  lead  dioxide  was  reaog- 
nised,  hut  the  Japanese  technique,  consisting  of  a natal  clanp 
over  silver  foil  wrapped  on  the  lead  dioxide  is  only  partially 
satisfactory.  Beported  cell  currant  efficiencies  were  cooparabla 
with  thoas  obtained  during  the  present  project.  Bowevar,  the 
reported  beneficial  effect  of  sodium  fluoride  addition  in  rais- 
ing the  current  efficiency  was  not  completely  eonflmed. 

2.  Miscellaneous  A^oda  Matarials  - S-yeenin/^  'P^mtn 


Swmary  of  Prerlous  Xork  Done  UMer  1951  Project  HH  3Sa-263/e-l»-«>l 

gsntal-un  nerblde  containing  1?^  platinum  by  weight  obtained  from 
the  Ourbclqy  Department  of  General  Zlaetrlc  Goopany  gave  favorable 
resxilts  with  repeated  tests.  Anode  loss  rates  varied  from 
1 X 10~5  to  20  X 10~^  greuu  per  aapera  hour,  and  current  eff^oianelas 
as  shown  by  electrolyte  smalysls  have  been  as  high  ae  70^. 


Plattnarlta.  a rare,  naturally  occurring  aaeelve  lead  dioxide, 
operated  emoothly  at  anode  in  the  ohlorate-perchloa'ate  cell  at 
a low  voltage  without  shattering  and  vith  very  sli^t  erosion. 

Magnetite  anodes  shoved  slight  erosion  but  produced  sodium 
perohlorate  at  a current  efficiency  of  only  about  h to 

Platinum  ulated  tantalum  sheet  performed  entirely  eatisfaetorlly 
ae  an  anode  material. 


The  mlneiral  llmenite  frotk  Ward's  latural  Solsnes  esUbllshmant 
behaved  wall  in  ecreening  tests  oondtiotad  In  1951*  Vo  further 
work  has  been  done  on  this  material  since  that  time. 


All  other  materials  which  are  listed  in  detail  In  the  reports 
for  1951  and  1952  proved  to  be  unsatisfactory. 
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2.  Worry  Poftf  In  ftrtA  l«Xh. 

Of  the  mleoallaueout  aaode  mteriala  tfatu  far  exaalaed  in  MTeenlaf 
teeta,  the  followlai;  arppear  prcaiiainc  aaora^h  to  Juatlf^  forthar 
Izrreatl^tlea] - 

a.  Nan^Tanlte  (Mq20^*1I2^), 

h.  a tin  oxide  hlook,  aaopla  B53  ^ifttahtornh  Plata  03aaa  OoJ 
e.  95^  platlmuB  and  5^  palladitia,  and 
d.  90^  platinnn  and  lOp  palladlta. 

All  other  aeaterlala  ^ioh  are  Hated  in  detail  in  the  follovln^ 
para^apha  prored  to  he  tmaatlafaotorj. 

Saaplea  of  iiie.t«rliil«  (earhon  Ispregnated  with  yarloua  awtala) 

from  the  Oarhone  Coorpoiratlcn,  Boonton,  H.J . were  teated  In  the 
ehlorate-perohlorate  oell*  Sheae  aaaplea  were  B8S  Copper,  B6  Copper, 
BBS  Bahhltt,  BS  Bahhltt  and  BS  SllTer,  with  the  BSS  aatarial  heinff 
aooewhat  harder  and  atron^  than  the  BS  aaterial.  Zhe  apeoific 
reaiatanoe  of  these  ooepoaitiont  waa  of  the  aaae  order  of  aacni- 
tudo  aa  that  of  graphite,  hut  ^en  teated  as  anodea,  all  eroded 
rapidly  with  the  BS  Silver  eo^poaition  ahowin^  the  leaat,  hut  atill 
appreciable,  attack  (See  Sahle  ZXI)» 

Ksfllarjinal  flfaiianUTUy  Brtllt  tf  jflut  Ktiiimlt 


Several  thoueael  aeeelasae  availahle  in  the  Uhiverait/  of 
PennaylvaniaU  oolleotioa  were  aoreened  for  their  potontlal 
value  aa  eleotrloal.  oonftoetora  and  ei^ty«>three  vere  seleoted  for 
oell  teating,  Toltago  dropa  were  oede  acrosa  a clean  portion 
of  each  adnexal^  Thtt  reenlting  raedlni^a  ware  eoapared  to  ainller 
reading  mde  on  well^Imowii  eater  iala  ef  varying  de^reea  ef  eondxio- 
tlvity.  Zhe  retrolts  were  grouped  late  the  fellevlBs  oatedorleat 
thoae  mlneraila  whose  oondtaotivity  waa  siailar  to  that  of  0^aphlte 
were  rated  aa  axoellent;  titosa  aiailar  to  earhon  were  rated  good; 
those  siailar  to  pyrolusite  ware  rated  peer;  while  those  ouioh  be- 
low this  were  rated  very  poor;  and  those  sh^lnd  no  passage  of 
otirrent  were  olsMaea  as  no!v«oenduetar8.  It  waa  ohS'Knred  tluit  the 
eaaduotivity  varied  greatly  in  diffsrent  epcolaeaa  ef  the  atuae 
olneral  upeoies.  Th»  residta  are  listed  in  !£ahle  ZXZZ.  Ihe  naturally 
occurring  oatals  and  metal  alloys  which  are  kjb«wn  to  he  good  coiy- 
duotera  are  not  listed  in  this  table. 


In  order  to  round  out  our  sur-ty  ef  useful  aateriale  for  anedae 
In  the  perohlerate  oell,  the  fellevljvg  alnsrala  were  eeleoted 
fkOB  IhhleZinfcar  testing  m the  basis  of  their  rslatively  high 
eondootivltyt  oassiterite  from  Ikgland,  eassitsrits  from  South 
Sskota,  ^ilnmslsni  (ertharhombio),  psilasslsns  (nassivs),  llBsnit«o 
heiaatlte,  pyrolusite  and  ainoite.  These  nlnerala  were  purohaaed 
froa  Varda  ITavaral  Science  Xstahliahnent.  All  fhlled  heoauae  of 
rapl^  sroslon,  high  contact  resiotance  or  polarisation  at  nay  ho  seen 
l^om  Table  ZZW.  Aleo  poor  current  distribution  within  the  saaple 
was  obaervad  heoauae  the  ainsml  aaaplea  ware  nsn-hemoganeous. 
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A aaaQile  of  ailiaon  forrita  from  Eorlsona,  Ine.  arodod  rapidly 
whan  taatad  aa  an  anoda  in  tho  ohlorata-parohlorate  call,  aa 
did  a aampla  of  iamarwltma  graphita  Aron  Falla  Indoatriaa,  Solon, 
Ohio,  Howarer,  a aampla  lahallad  pyroluaita  (Mn02  + 25t  H2P) 
ohtatnad  ftrom  tha  PannaylTania  Stata  Ohlraraity  ahowad  vary  llttla 
aroalon.  Thia  aampla  latar  provad  to  ha  *t  (Mn20^*H20) 

hy  X-ray  analyaia, 

Fatnral  mraphita  (Ehonhohadxal , Colonho  Minaa,  Zaland  of  Caylon) 
from  Ward*  a UatTxral  Soionca  Fatahliahmant  arodad  vary  rapidly. 

A niakal-farrita  boula  from  tha  Linda  Air  Frodnota  Company, 
whicA  waa  provloualy  raportad  aa  a poor  oonduotor  (pa^o  25, 

Second  Quartarly  Reaaarch  Report  for  1952) , wae  fotind  to  have 
a noiv-OGnduotive  outer  layer.  After  grinding  thia  outer  layer 
off,  tha  inner  lajrora  wore  fotind  to  he  conductive  enough  to 
ha  taatad  aa  an  anoda  in  tha  ohlorate-perchlorata  call.  Thera 
waa  no  appraolahle  eroalon,  hut  oonvaralon  of  chlorate  to  par- 
chlorate  waa  vary  low. 

A 24  carat  gold  rod  waa  attacked  aa  evidenced  hy  a weight  loaa, 
the  formation  of  an  orange  precipitate  in  the  electrolyte  and 
alao  the  formation  of  a ruat-colored  film  on  that  portio..  of  the 
gold  rod  Immaraed  in  the  elaotrolyta. 

Tha  tasting  of  allver  ahaet  aa  anoda  in  tho  mildly  alkaline 
aleetrolyte  (pH  * 0.5)  in  the  chlorat ^perchlorate  call  ra- 
eultad  in  rapid  and  uneven  etching  of  the  allver  and  tha  forma- 
tion of  a dark  gray  annit  over  tho  anoda  surface.  A hi^  rate  of 
erosion  also  rooultad  when  the  silver  was  first  anodlcally 
aloctrolysad  in  155^  sodium  hydroxide  solution  to  form  a hlack 
deposit. 

A ssuspla  of  electrolytic  manganese  arodad  rapidly  when  tested  in 
tha  ohlorata-parohlorate  call.  Soma  aocplosions  ware  ohsarvad  in 
tha  oell. 

Details  of  the  testing  of  the  above  materials  are  given  in 
Table  XT. 

Polished  nlate  glass  samples  with  a conductive  film  on  one  side 
fabricated  hy  Pittsburgh  Plate  Class  Conpany  failed  rapidly. 

They  operated  at  low  current  and  high  voltsige  with  either  the 
conductive  film  coming  off  as  a cloud,  the  plate  glass  cracking 
at  the  electrolyte  level,  or  the  current  lead  melting  off  h^ 
cause  of  the  heat  generated. 

Tin  oxide  blocks,  also  furnished  by  Pittsburg  Plate  Class 
Company  were  more  promising,  showlngt  for  Saji^la  A123,  slight 
amount  of  erosion  and  about  155^  current  afflclenoy;  Sample  B92, 
contact  dlfflcuitles  wore  so  great  that  current  afflciency  could 
not  be  obtained;  Sample  B8,  no  erosion  and  about  1?^  currant  eff- 
iciency; and  Sample  B53,  no  appreciable  erosion  and  about  50^ 
current  efficiency.  Further  samples  of  tha  Type  B53  should  be 
tested  (see  Table  XVI). 
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Sacple«  0*  ^ondTiatiag  "•taaias  »»i  rttfraatorlae  froa  the  Corning 
Class  Works  elthsr  erodsd  or  operatsd  at  a Tsry  high  oall  TOltags, 

(see  Table  X7Z1). 

Pressed  and  fired  alxtarsg  of  lead  dioxide  were  fahrieated  for 
testing  as  anode  oaterials.  Powdered  mlxtTsres  of  C.P.  lead 
dioxide  and  minus  250  mesh  magnetite  with  and  without  a hinder 
(50^  potassixim  hydroxide  and  JS*  Bauae  soditus  silioate  solution) 
were  pressed  at  15,000  pounds  per  square  inch  and  then  fired  in  air 
or  oxygen  at  3^0*0.  Some  of  these  speolaens  were  hard  and  showed  good 
oonduotiTity.  The  moat  promising  of  these  saoples  as  shown  hy  oon- 
duotlvity  testa  and  meohanioal  disintegration  testa  in  sodiua  chlorate 
solutions  were  chosen  for  perchlorate  cell  anodes.  All  shewed  cois- 
siderahle  mechanical  diaintegratlon.  (See  Table  ZTllZ). 

Small  hara  of  lead  dioxide  with  small  amounts  of  load  added  as  a 
hinder  received  from  Jullua  J.  Harwood,  Metallurgy  Branch,  Depa’’tment 
of  the  Wavy,  ONE,  Washington  25,  D.C.  (Letter  Pile  Ho,  QTOt4'23> JJEteho, 
21  April  1953)  were  somew'nat  fragile  and  were  broken  when  reoeived. 
However,  the  largest  piece  was  teeted  as  an  anode  in  the  chlorate- 
perchlorate  cell  and,  although  some  erosion  was  present,  this  sample 
eroded  the  least  of  the  preseed  Ph02  saoples  thus  far  tested,  Xlectri- 
cal  contact  was  made  hy  casting  lead  over  nloksl  wire  wrapped  around  the 
top  portion. 

Samples  of  Borolite  III  A representing  three  different  ahromlum  herida 
to  hinder  ratios  and  manufactured  hy  the  Hleotro  Metal  Corporation 
were  received  through  Dr.  J.J.  Harwood  of  the  Office  of  Baval  Research. 
All  samples  eroded  rapidly  and  turned  the  electrolyte  a dark  hrown  color 
in  five  to  eix  hours  (see  Table  XIZ}. 

PLATIHUH  Crom  Metals  and  Their  Allors 

The  only  memhere  of  the  platinum  group  metale  that  could  help 
solve  the  problem  of  this  researoh  without  introducing  more 
serious  problems  are  ruthenlTim  sod  palladium,  literature 

implies  that  these  metals  do  not  work  satisfactorily  as  anodes 
in  the  perchlorate  cell  (12).  However,  there  Is  no  clear  in- 
formation on  the  behavior  of  alloys  of  these  metals  in  the 
electrolytic  p^ApAration  of  perchlorates.  It  is  possible  to 
mix  platinum  and  palladium  in  all  proportions  to  form  workable 
alloys.  However,  ruthenium  can  he  alloyed  with  platinum  or 
palladium  only  to  about  12^6  if  an  alloy  with  usable  physical 
properties  is  to  result. 


I i 


Several  such  alloys  were  obtained  from  Baker  and  Co.,  Inc., 
113  Astor  Street,  Newark  (5),  H.J, 
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In  the  aystem  platintuii-palladituB  aa  ahown  In  Table  ZX,  sauiqplea  of 
95^  platinum  and  pallaidium,  and  90^  platinum  and  10^  palladium 
ehowad  practically  no  eroaion  loaa  aa  waa  alao  the  caae  With  lOC^ 
platlxmm.  Bowerer,  there  vaa  a definite  eroaion  loaa  with  a aample 
of  80^  platinum  and  20^  palladium  and  thia  eroaion  loaa  increaaed 
aa  the  palladium  content  of  the  alloy  increaaed  until  with  100^ 
palladium,  the  eroaion  loaa  waa  5 >2  milligram's  per  anQ)ere  hour. 

A few  current  efficiency  atudiea  indicate  that  the  current  efficiency 
falla  off  aa  the  palladium  content  of  the  alloy  inereaaea. 

Large  aoale  teata  over  long  periods  of  time  would  be  neceaaary  to 
accurately  determine  erosion  rates  and  current  effioiezusiea  of 
platinsuo-palladium  alloys  high  in  platinum  (80  to  95^  platinum). 

Thus,  testa  would  show  whether  there  woTild  be  any  adrantage  of 
using  these  hi^  platinuo>padladium  alloys  in  place  of  pure  platinum 
in  commercial  perchlorate  saIIb. 

In  the  system  platinuswruthenium  (Table  ZZl),  an  anode  of  88^ 
platinum  and  12^  ruthenium  eroded  rery  slightly,  showing  an  erosion 
loss  of  from  0.002  to  O.OO5  milligrama  per  aiQ>er»>hour,  when  the 
cell  electrolyte  waa  held  at  about  10*C.  When  the  cell  electrolyte 
traa  kept  at  about  ^*0.,  the  eroaion  loss  waa  somewhat  greater, 
being  about  0.03  milliiprams  per  aiQ)ere>hour . A aaople  of  pure  ruthenium, 
when  tested  under  similaur  conditions,  showed  an  erosion  loss  of  about 
27  milligrama  per  aa^sere-hour  with  an  orange-yellow  precipitate  form- 
ing in  the  eleotrolyte.  The  ruthenium  aaoiQsle  became  black. 

A sample  of  pallaidium  and  12jl  ruthenium  (Table  XXII),  eroded  with 
a loaa  of  h.C  Mlligraas  per  auqoere-hour  with  a brown  precipitate 
forming  in  the  electrolyte.  The  sample  was  colored  redid sh.-br own 
at  the  conclusion  of  the  teat. 


The  plating  bath  of  Storey,  Steinoff  and  Eoff  (13) , an  acid  solution 
of  manganese  sulfate  at  a concentration  of  150  g./l.,  waa  first  used 
in  attempts  to  plate  panganeae  dioxide.  At  anode  current  densities 
of  0,5  to  20  aj^./ft.*^,  flash  coatings  of  manganese  dioxide  aa 
formed  on  the  amodo  repeatedly  flaleed  loose.  C'll  voltage  rose 
sharply  during  plating.  Conductivity  of  the  manganese  dioxide  waa 
poor. 

?roffl  a manganese  nitrate  bath  at  a concentration  of  179  £•/!• 
an  anode  currant  density  of  10-20  amp. /ft. manganese  dioxide 
formed  on  tantalum  rod  in  thin,  repeated  layers  each  of  which 
partially  flaked  loose  before  formation  of  succeeding  layers.  The 
deposit  waa  built  up  to  a thidmesB  of  about  3/^  inch,  and  had  a 
lustrous,  blank  surface  narked  with  mimy  closely  spened  gas  holes. 
Alao,  the  manganese  dioxide  waa  weak  and  easily  fractured  by  finger 
pressure.  Bo  further  work  with  manganese  dioxide  waa  planned. 
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0.  SllicBn,-SlllQon  Carbide  )tinurB«  aa  Inodai 

1.  KtttoA  gf 

The  anode  naterlala  atibalttad  to  Pennaalt  for  tMtln#;  hy  tha 
Beaaaroh  and  QaTolopaant  DlTleloa  of  tha  Carhonmdua  Coapugr 
eonalatad  priaarily  of  eoapositiona  of  allieon  and  ailleon 
earhida.  Thaae  ooq;>oaltiona  hara  haea  giran  tha  tradaaark  naaa 
"SarhT*  hjr  tha  CarhorvndOB  Coopanx.  Two  ganaral  aatheda  of  fora> 
ia£  thaaa  aatariala  vacra  follawadt 

(a)  Qeld  praaein^  a nixtnre  of  ailicon  and.  allieon  sarhida  fol- 
lowed  hj  aintarinc  In  a protaetlra  atnoaphara.  Tariationa 
in  thaaa  ooo(poaitloaa  vara  aada  hx  ohan^lni;  tha  ailioo»>aili^ 
eon  earhlda  ratio  and  aLLao  hx  eonhininc  addition  amenta  in 
tha  nix  hafora  praasin^.  Ihia  prodoot  ia  daaicnated  Dorhx 

(h)  ProBaad  silioon  oarhide  with  a taoporary  hindar  ia  ra- 
oryatallisad  hy  tha  paaaa^e  of  a hi;;h  alactrio  ourrent 
through  tha  body  with  the  taoporary  hinder  puain^  off 
and  a new  oryatal  atruoture  of  ailieon  oarhide  being 
formed.  Thia  raoryatallisad  ailieon  oarhide  ia  ioprag- 
natad  with  ailiecm  hy  plaeing  tha  body  in  noltan  ailieon. 
raaulting  in  tha  conpoaition  known  aa  Durhy  #1. 

(o)  iBQragnation  of  a oarhonaoaotia  body  with  ailieon  aMtal  by 
plaoing  tha  body  into  a bath  of  anqsarhaatad  Mltan  ailieon 
aetal.  Tha  ailieon  natal  iiqnregnatad  tha  aarbonaeaoua  body 
and  raaotad  with  it  to  fora  ailioon  oarhide,  raaolting  in  a 
body  whoaa  ooaqionanta  are  ailioon  oarhide.  ailieon  and  eons 
firaa  carbon.  Ihia  mtarial  ia  oallad  Dorhy  #2.  Tariationa 
in  oonpoaitiona  in  tha  Dorhy  arterial  vara  made  by  additivaa 
to  tha  ailioon  laatal  and  by  fonaing  oarbon  bodlaa  fTon  dif- 
ferent aatariala  by  oarboniasiion. 

8ona  anodes  were  treated  tharaally,  ohanieally,  and  phyaieally  to 
prodoee  variatiors  in  aurfaoa  and  internal  atroetorM  (l4). 

2.  SnMBATw  of  PrewlmiB  Tark  Dona  Under  19S1  Pro.laat  IR 
and  19‘i2  ProAaet  BR 

In  1951  aoraaning  teata  and  tha  operation  of  a 10  aiopera  call 
ahoved  that  Durhy  42  (oilieon»ailieon  oarbida  Blxturea)  producad 
perchlorate  with  little  or  no  noraal  surface  aroaion}  howarer 
thia  aaterial  waa  always  aarlously  daaagad  by  cracking  and  shat- 
tering iqton  aleotralyala . This  affaot  was  particularly  notioaahle 
at  tha  top  ISTel  of  tha  slaotrolyte.  With  Ihirhy  #1.  polariaatian 
of  xha  anode  rapidly  ooerorrad.. 

In  1932,  32  saoplaa  representing  24  different  kinds  of  natariala 
ware  obtained  fTea  Oarbomndua  0o^paI^  xodar  tha  Pannsalt-Garbor- 
coatract  agreaaant.  After  tasting  aa  anodes  in  the  ohloratfr* 
perchlorate  eell,  neet  of  theee  eaaplea  again  showed  the  spalling 
or  polarisation  eharaoteriatio  found  before,  and  a few  aaigplea 
exhibited  rapid  erosion.  HowtTer,  an  estsruded  Durhy  #2  eo«poei- 
tion  quenched  in  laoltan  lead,  and  a 90J^  ailioon— 10^  ailioon  oerbide 
cooEpoaition  ahoved  auffioient  proadse  to  be  investigated  further 
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(See  Work  Done  In  1953) • Up  to  the  end  of  1952  no  satiefactory 
silicon-silicon  carhlde  composition  for  use  as  anode  In  the 
ohlorat»-parohlorate  coll  had  "been  found. 


3.  toJc  Done  In  19*13  and  195» 


During  the  period  from  January  1,1953  to  January  31*  195^*  nijout  310 
scjsples  representing  about  li6  different  kinds  of  materials  were 
received  from  the  Carboznindun  Co::pany  and  tested  in  a small 
beaker- type  chlorate-perchlorate  cell. 


In  summary.  It  was  found  that  these  materials  showed  considerable 
improvement  over  those  tested  previously  in  that  certain  types 
polarised  fkr  lees  rapidly  than  before,  and  others  operated  at 
low  oell  voltage,  making  perohlorate  for  a considerable  length  of 
tine  before  exploding  or  spalling.  The  promising  materials  found 
werei  calcined,  unteopered  Masonite)  calcined,  tendered 
Masonite,  oalolned  Homasote;  and  ailclned  Coa^pregy  all  lm~  j 

preguated  with  silloon.  I 

The  Dorhy  #2  qn^nchad  in  molten  lead  has  been  eliminated  from 
further  consideration  (See  Vork  Done  in  1952),  sinoe  the  residual  ! 

lead  content  was  shown  to  account  for  its  esirly  quiet  operation.  I 
After  the  lead  is  eroded  away,  the  quenched  electrodes  behave  | 

like  unquanohed  Dorhy  #2.  Bo  further  work  is  oontenqilated  with 
these  lead  quenched  Durhy  tZ  coBq>osition8  because  of  their  explode  ' 
ij]g  and  spalling  characteristic  after  their  lead  content  has  been 
removed. 

To  date  no  entirely  satisfactory  silicon-sillooa  carbide  composi- 
tion has  been  found  for  use  as  cmode  material  in  the  chlorate-per- 
chlorate oell. 

The  detailed  tests  of  silicon-silicon  carbide  materials  (•)  for 
1952  and  1953  shown  in  the  following  tables  according  to  the 
different  categories  given  by  the  Carborundum  Coarpan'n 
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Md^  BaAaFStJ 

1.  Cold  pressed  and  sintered  Si-SlC  series 

2.  Silicon  alley  is^irognat  ion 

3.  Variations  in  carbon  bases 
Beating  and  q;uenohing  treatments 

5.  Surface  treatments,  chemical  and  physical,  and  atmospheres 

6.  Inoaregnants  (other  than  silicon)  and  coatings 

7.  Cast  silicon 

8.  Variations  in  physical  dimensions 
9-  Coated  graphite  or  oarbon 

10.  Misoellaneoum 

These  anode  materials  were  tested  in  small  beaker  type  cells 
(boo  ml)  each  equipped  with  a glass  cooling  coil.  By  cirorala- 
tiag  tap  water  through  the  glass  cooling  coil,  the  sodium  chlorate 
electrolyte  (600g/l)  was  kept  at  a temperature  of  about  12®C.  Two 
•tainlesB  steel  cathodes  were  used,  being  held  in  place  by  a Pleoci- 
glas  oell  lid.  Vhenerer  possible,  four  to  six  cells  were  operated 
in  series. 
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(*) 


Bach  sample  was  numbered  consecutively  with  the^  category  nujobor  as  a 
prefix.  - 42  - 
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SaliMOTr  aa»  1 n.  CIqI4  fTMitl  aat  SltotargUA-Sl  iUSiriu 

Thd  sllioo!b>sllloon  oarbidl*  oonpoaitlons  flr«d  in  an  atmosphara 
of  oarhon  monoxide  either  gaw  rery  little  erosion  or  no  eroeion 
at  all  and  no  ajjalling,  A fow  yerj  small  e xploe ions  vere  oh- 
serred  with  some  samples.  Similar  oonpositions  fired  in  a halinm 
atmosphere  hehaTod  like  the  earhon  monoxide  treated  compositions 
with  very  little  erosion  and  no  explosions.  The  oell  roltage 
seamed  to  increase  about  three  times  faster  with  the  helium 
treated  conpositions  than  with  the  carbon  monoxide  treated  ones 
(See  Tigure  8).  Thus  it  appears  that  the  carbon  monoxide  has  a 
beneficial  effect. 

EoveTor,  the  hi^  specific  resistivity  and  poltirieation  charsic- 
teristio  of  these  materlEQs  eliminates  them  from  consideration. 

A number  of  addition  agents  were  tried  in  the  silicon-siliccn 
carbide  compositions  fired  in  an  atmosphere  of  carbon  monoocide. 
These  addition  agents  included  calcium  fluoride,  magnetite 
(^0304),  lead  and  tantalum  carbide.  These  materials  showed 
either  slight  erosion  or  no  noticeable  erosion,  but  all  had 
hleJi  specific  resistivity  and  operated  at  high  cell  voltage 
after  a short  period  of  operation. 

The  beta  silicon  carbide,  silicon  and  carbon  mixture  (Ho,  1-33) • 
the  silicon,  silicon  carbide  and  manganese  dioxide  mixture 
(Ho,  1-31 ),  as  well  as  the  silicon,  silicon  carbide  and  TeO’SlOg 
mixtures  (Ho,  1-^0  and  l-4l),  eroded  vory  rapidly  (Table  XXIII), 
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Category  ITo.  2 - Silicon  Alloy.  Igprognr^tloa 

All  the  anoda  sanplet  in  this  grovip  eacploded,  causing  early 
and  complete  failure  of  the  anode  except  the  ealoined  extruded 
material  pregnated  with  Sloetromet  eillcon-titanlu*  alloy 
(Ko,  2-18).  and  with  Dleotromet  35-^/S  alrconlTon  alloy 
(Ho.  2-19),  both  of  which  eroded  la  half  at  electrolyte  lewel 
after  19-24  hre.  of  operation.  (See  Table  ZXIT). 
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gfttiflggry  yflj>.,1..r..TiiriAUflaa  la  Cay^aa  Baaga 

\ Of  thie  group,  s&nplao  of  onlelnad  untenpared  Haaonite  l)oard, 

I Inpragnatad  with  allleon  (Ko,  >.7  and  Ko,  3-24),  'bahayad  wall, 

I oparatlng  with  no  axploaions  and  no  or  slight  aroalon.  Currant 

j afficlannlas  yao-led  ftrom  13  to  30!^<  Thara  was  a gradual  Ineraaaa 

In  call  yoltaga.  A.fter  polarisation,  soaking  of  ha  &noda  aaopla 
in  50^  aquaous  H7  and  than  rinsing  wall,  rasultad  in  a short 
period  of  oparation  at  low  call  yoltaga.  Tha  original  hig^ 
call  voltage  raturnoi  aftar  sayeral  hours  of  operation. 


Calcined  tampered  Kaaonita,  is^agnatad  with  silicon  (iTo.  y-Z$) 
operated  at  hettar  current  efflclencj  hut  with  some  aroalon. 


The  following  calcined  materials  ijipragnated  with  silicon  hehayed 
aa  followst  wood  doweling,  no  notioaahle  erosion,  rapid  polari- 
zation; hamhoo,  erosion  with  one  sample  finall7  hraaking  off  at 
alectrolTta  layel,  about  6o^  currant  afficiano7;  Homasota,  slow 
pclarization,  a few  explosions  hlaw  off  soma  particles  of  onoda 
material;  manila  rope,  slow  polarization,  failed  hy  breaking  off 
at  alactroljrta  loyal;  sash  cord,  slow  polarization,  erosion; 
mailing  tuba,  erosion  obsai^ad;  hard  wood  charcoal,  explosions 
and  heavy  erosion  noted  and  walnut  shells,  some  erosion  with 
clow  pol^isation* 

Vith  the  calcined  Coinprog  saji^ilos,  impregnated  with  silicon, 
one  aas^ple  (So.  3-19)  showed  no  appraolabla  erosion  but  oraekad 
at  electrolyte  level  while  the  other  saiQ«le  (Ho.  3-26)  showed 
eoae  erosion. 

▲11  of  the  poroue  carbon  and  ^apbite  samples  iispregnatad  with 
silicon  eroded  rapidly  with  no  Bell  explosions. 

The  Durhy  material  made  by  eilioonising  a esurbon  bedy  formed  by 
extruding  a isiztura  of  wheat  flour  and  carbon  powder  showed 
severe  epalling.  Also  tha  Durhy  material  loada  by  sllioonislng 
a carbon  body  forawd  by  oaating,  polarized  and  showed  sli^t 
spalling. 

An  extensive  study  was  made  cf  the  calcined  maeonita  materials 
and  other  calcined  aatariale  in^>regnated  with  allleon  (Samples 
3-27  throu^  3-32).  All  these  samples  showed  erosion  but 
operated  without  exploding.  Currant  effloieneles  varied  troa 
75  to  355^  for  a short  period  of  electrolysie  of  20  to  30 
aiaper e-hour e;  but  when  tested  for  longer  periods  (about  60  to 
70  az^er»>hours) , current  eff  Iclonciea  wore  much  lower,  ranging 
from  1C  to  20^.  (Ses  Table  XT7). 
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A«  n.7  bo  floen  from  !hibla  XXTI,  all  the  saoplOB  of  Dtarbsr  #2  giraa 
hoatin^  or  quenching  treatiaente  operated  with  explosions,  either 
oauaisg  chunks  of  anode  material  to  fall  off  or  causing  the  anode 
sasqple  to  blow  apart,  except  the  extruded  Durhsr  ^ quenched  in 
molten  lead  from  1350*C.  (So. 

This  lead  quenched  ihxrhy  #2  behared  farorably,  operating  at  low 
oell  voltage  for  lh.5  hours  with  some  erosion  of  the  lead  from 
the  senile  as  evidenced  by  the  moldy  color  of  the  sleotrolyte. 

At  the  end  of  this  period  there  was  an  explosion,  blowing  off 
one  large  pieoe  of  anode.  When  the  lead  was  removed  fTom  the 
sasiple  by  soaking  in  35^  nitric  acid  for  3 days,  it  behaved  like 
Durhy  #2  with  frequent  explosions.  Thus  it  seems  that  the  lead 
content  of  the  original  sample  was  responsible  for  the  favorable 
behaTier  of  this  lead  quenched  Durhy  #2  (tee  Sable  IZfl). 


AtoqiBbPTfla 


Durhy  #2  eamples  treated  by  an  SMiueoue  H7-E3R)^  nixtxira,  by  an 
aqueous  Wf  solution  and  by  a eauetic  solution  showed  rapid  surface 
eroeion  and  spalling.  Ko  explosions  were  observed. 

dlobar  heating  eeotions,  treated  by  aqueous  Hf  and  by  nitrio 
acid  eroded  appreciably  particularly  at  the  electrolyte  level 
with  the  samples  finally  breaking  off  at  this  point. 

Xrtruded  Durhy  #2  tumbled  in  SiC  iprain  and  also  in  Al20^  grain 
operated  with  severe  spalling  and  nunerous  explosions  in  the  esU. 

Decarbonised  Durhy  #2  polarised  as  did  a saaipls  of  Durhy  surfhoa* 
smoothed  with  a diamond  wheel.  The  latter  easqsla  also  showed 
slight  spalling  (see  Sable  Xmi). 


The  Globar  heating  eeotione  impregnated  with  furfural  (So.  6-I), 
with  linseed  oil  (Bo.  6-3) » with  eilicone  water  repellant  (So.  6-^ 
and  with  paraffin  (So.  6-7/  operated  at  too  hi^  a oell  voltage 
to  be  considered  practical. 

The  Darby  f2  ssuoples  iiqsregDated  with  linseed  oil  (So.  6-h),  with 
silicone  water  repellant  (So.  6-6)  and  with  paraffin  (So.  6-8) 
operated  quietly  at  first  in  oontrMt  to  their  tisual  behavior  but 
after  a few  hours  the  oustomary  spalling  and  es^losions  trera  again 
evident. 

A Globar  heating  element,  coated  with  platinum  (So.  &-2)  operated 
with  the  cell  voltage  inotreaeing  rapidly  after  one  haorbf  electeo- 
lysSe  and  with  a sli^t  erosion  of  anode  surface  (see  Table  XJtVlll). 
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Qatagftrr  ¥o.  7 . n>«t  Silloan 

▲ eaat  ailloon  awtal  rod  (So.  7*1)  polarlsod  alooit  lanodlatiljr. 

▲ rod  of  oast  sllleon  mtal  that  TeaA  lsa«n  aaltsd  in  a hslita  at> 
■csphare  (Ho.  7»2.)  hahaTSd  slailarlT’,  shoving  no  oroslon  hat 
polarisinc  r&thsr  rapidljr  (••«  lahla  XX2H). 

Oatguagy  Ho.  ft  - Tarlations  la  Phrsiflal  Dlasnslcns 


A sa^lo  of  throo  thick»MSos  of  Masonito*  ¥sldad  tocethsr  hjr 
ii^senatioa  with  silicon  (Ho.  &>2)  Ihilcd  bcoaoso  the  indlTidml 
lasers  ssparated  (sao  Sahlo  XUX). 


flali«fry.  I9i,  % r .fiflilitfA  flnmhiVU  wr  OMlwa  | 

Oraphits  rods  eoatod  with  silicon  oarhids  coTstals  (Ho.  9~1)  | 

eroded  throng  tho  SiC  esatinc,  and  than  tbar#  was  sarara  arosion  | 
of  the  0raphito  (sas  Sahla  SIX).  I | 


Qatajrory  Ho.  :].Q  . Misnananaons 


In  this  greop*  the  carVmisad  Xasonita  (Ho.  l(X-2),  tba  nbB.*per<nu  | 

^pniphits  haatad  in  isoltan  silicon  (Ho.  10-4).  soad  the  St.  oc  i 

torials  (Ho.  10.>5  and  10>d)  send  the  hot  prassad  hata  sill,  sn  | 

caT^ida  (Ho.  1&>9)  arodod.  Tha  cold  prassad  silicon  carbide  rscsTs- 
tallisad.  in  hslitai  (Ho.  1&-3)  and  the  IhirhH  1 rods  with  ss 
^00  oarhon  (Ho.  10>l)  showad  no  appraoiahlo  arosion  hot  oparatod 
at  inaraasind7  hl4i^  oall  TOlta^.  lha  "iry  shot*  mlcinad 
axtrodad  natarial  crto  arosion  with  final  fitilxora  oansad  hr  i 

an  aigplosiea  hraaVing  aneda  saqsla  in  half.  (Caa  SSahla  ZZX).  I 

S.  JkLLul  j 

Th«  following  aaotion  contains  Ihbles  X throfogh  XXX.  rafarrod  to  In  i 

tha  praoading  text.  i 
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Pam?  I AttlA  t?aA  Pitratg 
Code!  LS-2 

Lead  Nitrate  Conoentration  - 350  grams  per  liter;  pE  - 3*7 
Preparation: 

269  nl.  of  69. 95^  nitric  acid  (266.5  g.  HNO-,) 

1000  nl.  distilled  water 
472  g.  lead  oxide,  PbO 

Add  the  lead  oxide  slowly  to  the  diluted  nitric  acid  with  stirring. 
Dilute  to  2 liters,  suid  head  to  75®C.  with  stirring.  Allow  to  cool 
and  let  stand  for  twelrs  hours.  Pilter  through  sintered  glass. 

Paaftt.  Lead  Tartrato 

Oodei  7M 

Preparat ion? 

100  g.  potassiun  sodium  tartrate, 

50  g.  sodium  hydroxide.  NaOH 
96  g.  lead  oxide,  PbO 

Dissolre  in  the  order  listed  in  distilled  water  to  make  2 liters  of 
solution.  Heat  to  60®C,  to  couplets  solution  of  load  oxide.  Cool 
and  let  stand  for  12  hours.  Filter  through  sintered  glass.  Pinal 
pK  is  about  13 • 

Name:  Lead  Perchlorate 

Code:  IP-1 

Preparation: 

108  ml.  of  60. 35^  perchloric  aoid  (lOO  g.  HClOij,) 

“ >7  ml.  distilled  water 
.0  g.  lead  oxide,  FbO 

arepare  30^  perchloric  aoid  by  dl''uting  the  60^  acid  with  the 
rolume  of  water.  Then  dlusolTO  the  load  oxide  at  ro  n teapera- 
Add  sufficient  distilled  water  to  malOB  2 liters.  Heat  to  boiling 
bo  3 minutes  to  dlseolTO  white  proolpitate-,  Cool  and  use.  Final 
libout  5* 

(Continued) 
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Sa«ti.  Bi.^  .flflMgatjrftUQa  AUcaHjxfl  IiflflA  lartr^to 
Oodat  7K  (6x) 

Preparation: 

300  g.  pot«.t8lun  aoditoB  tartrate,  Oa0j^0^»^(S20 
150  g.  eodltiB  hTdrezida,  VaOE 
288  g.  lead  oxide,  PbO 

Dietolre  in  the  order  listed  in  dletillsd  water  to  nake  one  liter 
of  solution.  Heat  to  60*C.  with  stirrix:g  to  eoaplete  solution  cf 
PhO.  Oool  and  let  stand  for  12  hours.  Til ter  throu4^  sintered 
glass.  Tinal  pE  is  about  13* 

JBamX.  High  Opnoantmtiftr  Perahlarate 

Code:  LP>1  (4Z) 

Preparation: 

216  b1.  of  60,Jft  perchloric  Mid  (200  g.  HOlOi^) 

334  ■!.  distilled  water 
222  g.  lead  oxide,  PhO 

Tirst  prepare  perchloric  acid  "by  diluting  the  60^8  acid  with  the 
giren  rolune  of  water.  Then  dissolTO  the  lead  oxide  at  roo»  temperature. 
Add  sufficient  distilled  water  to  bbIeb  one  liter.  Heat  to  boiling  for 
about  3 ainutes  to  dissolve  any  white  precipitate  formed.  Cool  and 
filter.  Adjust  pE  to  2 with  perchloric  acid  before  use  as  lead  dio&ide 
plating  bath. 
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X-RAT  DITHUOTICN  AND  SPSCTRO®APHIC  ANALTSSS  OP 

kasszve:  lead  dickise  deposits 


Plate 

L.N.B. 

XRD 

Speotro^aphlo  Ajialjreie 

Ho. 

Reference 

Asalyais 

Kajor 

Minor 

1910 

13651 9A-97 

Pb02 

PB 

Al,  He,  Cu,  Pe 

193 

13671102 

Pb02 

PI) 

Mu,  Ca,  Mf 

19^v 

13671111,2 

ThOz 

rb 

Hi,  Ou,  Me,  Oa 

197 

13671139-^1 

Pb02 

Pb 

Oa,  Ou,  Hi,  Al, 

Me 

198 

13651175 

Pb02 

Pb 

Hi 

199 

1365*175 

rt>oz 

n 

Al,  A«,  Pe,  Bl. 

Te 

elsetrolyta  eotntainadL  2,5  g.  sodl-oB  fl-aorida  par  liter. 
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SPSOIFIC  BISISTANCE  AT  BOOM  T1EMPJBRATURJ5  OF  VARIOUS  SAKPIK 

or  LKAD  Diaxim  coiparsd  vith  other  materials 


O««ariptlon  of  SasQjlo 


Spooifle 
Roslotaaoo 
Ohm-ca.  x 10“° 


Latid  dioalda 

Storage  'b&tter7  poeitlTe  aotlTe  naterial, 

465^  porosity  (3) 

Preeeed  powder,  ^2^  porosity  (3) 

Electrolyzed  from  lead  perchlorate  (3) 

Electrolyzed  from  lead  sulfamate  (3) 

Electrolyzed  firom  dilute  lead  nitrate  solution  (^) 
Electrolyzed  from  acid  lead  nitrate  hath 
(rommla  LH2)  at  Pennsalt  (5) 


Porous 


94  to  'W$ 


92  to  97 


Graphite 

Mercury 

Bismuth 

Platinum 

Copper 

surer 
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Oondtuetlrltj  ratios:  Kausondnotar  -t  raxy  poor  oeadtietor  ■^t  voor  ooodnotor  -«-»•{ 

good  condtwtor  +++•}  axeallant  eooduotor  ++++. 
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Stltolta 

Biamthlnita 

Kamailta 

Pyrlta 

Oobaltita 

Oapadorffita 

Ullaaimita 

Loalllflgita 

Safflorlta 

Basasalatargits 

Maraaalto 

AriaaopTrito 

Ola'isodoio 

Koiybdanlta 

Erannarlta 

S^flraalt# 

Skatterudits 

Soaltlta  Blagnthlao 

Ohleajithlte 

I^rrfirgyrlto 

Froostite 

Zantho<tosita 

Vittiehanita 

Tatrahodrlto 

Plyroofcroite 

Kaogaalta  ~ paeodo  Calolta 

Pallaaslana 

Ooathlta 

Llaonlte 

Nagnatita  - laomatrio  B.T. 

Caesitorita 

Fyrel'oalia 

Batlla 

Bxwtmlta 

Talantiiilta  - Oaaftda 

draanollte 

IlJianlta 

Haaatlta  ~ Spaetdar 


SboSh 

SboS^O 

7aS2 

OadaS 

KUsS 

XiSbS 

TaAao 

(Oa.WTdi^ 

HUaa 

r»sz 

TaAaS  -iiWK.'w 

(0o.7a)d«S 

MoS 

AoTao 

Agdulaa 

(0elL)Aa3 

(0oBl)As3_i( 

(HlOo)A^ 

Ag5SbS3 

AgnAa^ 

A«AoSh 

(0uJa)i2  SbASl3 
Ma(OH!52 
XozOo  . I2O 
BaMa2-HngOi5(OH)i4 
TaaOi  , auo 

*•201  • 3S2O 

9e0z 

Xo02 

TiOv 

{MoS1)203 

Sb203 

A412O3 

JWfiOi 

Ta203’ 
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*The  eoodaetiYity  yaxlad  graatly  la  diffaraat  apaolnana  of  tha  aaaa  Blawal 
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Eanatite  - Bhom'bohftdral 

Michigan 

OorunduB 

ZiauBlte 

Cvqprit*  - Isometric 

Jamesc-'oite 

Cosalite 

AUcinite 

Setimonlte 

Inarglte 

Itoatlnlte 

Tenxuui^tlte 

Ttankllnlte 

Chromite 

Oerargyrlte 

TetrsUlTmite 

ItegTCkglte 

Domeykite 

Algodonlte 

Ojrecraslte 

Argentlte 

Heseite 

Bersellaxdte 

Petslte 

Cheloeelte 

Stromeyerlte 

Semite 

Oaleam 

Clauathalite 

Altaite 

^halerlte  - PerrlferoTui 

Metaelxmahar 

TleBamilte 

OhaleopyTrlte 

Stannite 

^rrrhotlte 

Kioeollte 

Killer It e 

Pentlandite 

Cubanlte 

CoTelllte 

Steniberglte 

Olana'bar 

Tetrahedrlte  - Mercurian 

Slegenlte 

Ceorrolllte 
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AI2O3 

ZnO 

CttgO 

2PbS‘Sb2S3 

Pb<^l2S< 
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PbCuSh^ 

Cu^sSj^ 

(Cu  ,Pe)i2^«4S3j 
ZnPe204 

7eOT20/^ 

AgCl 

Bl2Pa9S 

Pb  Sb ) 4S3 

CU3AS 

CU^B 

ig^Sb 

AgS 

AgaT* 

CuaSe 

Ag3AuTe2 

Cu2S 

CuAgS 

CurPeSij 

Pb3 

Pb-OnSe 

PbTe 

ZnS 

HgS 

BgSe 

OuPeS? 
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ARE  used  for  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED  ' 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
j NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE  j 

i GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 

SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY  ! 

IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER  1 
j PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE,  ; 
, USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 

CLASSIFICATION  CHANGED  TO  UNCLASSIFIED 
BY  AUTHORITY  OF  ASTiA  reclass,  bulletin  Jo 

Date  ^ S'  Signed  ^ 

OFFICE  SECURITY  ADVISOR 


